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1.0 PROJECT DEKRIPTION 

1.1 AUTHOlUZA’l’lON 

/ 
, 

,. 

As mpeated by the U.S. Navy, HALLIRURTXJN NUS Eavimmmti Cqomtion (HALIJRUR’KIN NUS) has 

*thiSRCBoUlXB Chuervation and Recovery Act (RCRA) Facility A8aemrnt !hmpliag Visit (RFA-SV) 

Wark Plan for the Naval Weapons inciushhi Rmexve Plant (NWIRP), hated in Cdveiton, New Ya&. This RFA- 

SV Work Plan is being prcpubd under the chnpmbhve Lang-Term Emhmnmti Action Navy (w) 

Contract No. N62472-90-D-1298, Cm&act Task Order (Cro) OO!IO. The Work Plan was prep&l jn acmydane 

with the New York State RCM Hazardous Waste Permit for tbc hcility (NYSDEC 1-473O-OM3/00001-0), dated 

March 25, 1992. The permit ref&mmces the New York’ State Dqutmcat of Envinmma~tal &men&m 

(NYSDEC) RCRA Qudity a Project Plan (QAPP) Guidmcu dacummt (NYSDEC, 1991) for direction in 

prepah~tbeworkpi8n. As8dt,tlhdocummtb8sb#npnprrsdinwxorda#: with the NYSDEC QAPP 

fomlat. 

,Y=--~, 

Thiswokpl8ais8laointeadaitocomplywiththe fe4pbmmt8 of the united St8te4 Envm Platdon 

Agency (EPA) fdity permit (EPA ID Number NYD003995198), dated May Ii, 1992. ‘Ibe’EpA permit mqests 

tile perfa ce of a Fii Phac RCRA Fdity hmtigation, ‘The req tIirumts0fbothpcrmits~tobcthe 

same, 8ltbougb terminology and format vmy. 

The Chrton NWIRP is lautal in Suffolk County on Long Maad, New York, ace Figures l-l tmd 1-2. The 

primarymissionattkfaciiityistoassembIe8udtut8ircmft. TbeNWIRPis8Gov emment-ownedcontnctor 

Operated (GOCO) fkciity opemd by Gmanumn czorpodoa. 

13 PURPOSE 

The objective of this study is to o&t& eavironmentd information in o&r to: 

8 Document the release or potadd rclase of hazardous 8ubstu1ccs at each site UKI detemhc if 

8ddition8l8ction is lzqlid 
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13 SCOPE OF WORK 

1986). Ened on the IA!& 8 Site Immti~oa (SI) was umdwted for the NWIRP c8lverton behvew July 1991 

through April 1992 (HALUBUR’IDN NUS, 1992). ‘Ibis SI evaluatal ankmma1t8i contamimtion at aova~ areas. 

Blv~t8lcont8miMtioahrsbeal cctafhd8tfwrofthab~8Ddisboing 8dda3duIlder8sepuue Full 

RFlmdQAPP. ‘kaeamsarotheSite1-NordmstPmdDbposalh(SWMU1),Site2-FireTrahingArta 

(SWh4U 13). Site 6A - Fuel Calibration Am (AOC lA), md Site 7 - Fuel Depot. Contaminms detebd at one 

or nmre of these sites include solvam, his, hsrvy xncals, 8nd PcBa/pesti*. 

0 Sitea-ChalStomgePileArtp 

l siteg-ElectroniccuuaterM- (EcM)A= 

0 Site 10 - Cesspoolbmcb Field Areas (multiple loaticms) 

‘IheiocrtionoferchoftheseueuispreseotediaFigure1-3. 

1.4 SAMPLE MATRICES, Ps, AND FREQUENCY COlLECXlON 

As part af tlm RFA-SV, ea trimmad smples will be collected from the following matrices: soil, aaiimcat, 

w8qte (cd 8nd others if eacouateful), gmmbter, and surfhcc water. A listing of the sample m&ices, 

M, and fresueocy of cobtim is found in T&e l-l. sampling proto&s to be used in &is study are 

provided in Sectioo 4.0 of this work phn, All 8mples (except for six ba&gmmd nmples) 8ubmitted for offiitc 

labomtofy analysis will be analymd for the Target Compound List (TCL) volatilea organ& plus fkon 113 

(tathfo, tritl- ). Target Atmlyte List (TAL) metals and cyanide will beanalyzed on select soil sad water 

samples, and w8ste srmpies (if enawntered and other than cod). Also, TCL PCBa@ticidca and T’CL semivolatile 

orgatics will be atulyad on waste samples (if eacountefed8Bdotherth8naml). AdditioMlpuuns(ar8fe 
” summumd in Tabic 3-I of Section 3.0. 

4 



NOTES: SEE TABLE 
NUMBERED 

4-4 FOR LIST OF 
BUILDINGS AND DESCRIPTIONS 

NUMBERED BUILDINGS INDICATE LOCATIONS OF 
CESSPOOLS/LEACHFIELDS TO BE INVESTIGATED 

= TREELINE LfJcAnoN OF SITES 
PFA - SV WORK PMhl 

NEW YORK Or’ 
SCALE IN FEET 
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TABLE 1-l 

FtELD AND QA/QC SAMPLES RCRA FAClLtTY ASSESSMENT SAMPLING VISIT 
NWDtP CALVERTON, NEW YORK 

NUltlbU 
Number of Number of of 

&Pb Duplicates Field 
Blank& 

MATRIX - GROUNDWATEWSURFACE WATER 

Nlllllbtr Nmber of 
of MSI Rlnsate 

MSD/LD’ Bhllks’ 

NlUIlbU 
of 

TdP 
Blmltd’ 

Total 
NUnbar 

of 
SunpIe!!! 

Anulyds Andytkd 
Method 

6* I 

MATRIX - SOIL GAS 

1 I 1 10 TCL Volatiles, Cl3 SOW 
freon’, TAL 
me&Is and 
cyanide I. 

MATRIX - SOLID WASI’E 

I s 

1 I 2 

I 

1 

I w 

12 

.! 

II 

MATRIX - SEDIMENT 

6 1 s I ! ! ‘10 

I 7 1 

I 

TCL semi- I CLP sow 

TCL Voiatiies ’ CLP SOW 
1 plus fteon’ 

6 



TABLE l-1 (continued) 
FIELD AND QA/QC SAMPLES, RCRA FACCLITLES ASSESSMENT SAMPLING VIslT 
NWtRP CALYERTON, NEW YORK 
PAGE 2 

Nunher of 
Smplu 

Number of 
Duplkates 

NWllbU 
of 

Field 
Blanks’ 

NUllibU Total NUlTlber Number of 
of MS/ Rlwate of Nlllllk 

iw 
MSD/LD* Blauk# TdP of 

Blanw SuapleS 

. 

MATRIX - SOILS 

22 3 - 2 2 

6 I s 1 I 

30 3 2 2 3 

3 32 TCL Volatiles CLP SOW 
plus fieou! 

0 9 TAL metals CLP sow 

5 45 TCL Volatiles, CLP SOW 
frud, TAL 

I - Field blat& consist of one driller’s decontamiuatiou water aud one malyte-free water used for decontmiuatioa aud riusate per week of ampliug activities. 
Freqteucy of uudysis is oue snmple/water sourc&veut. 

2 - Single sample collected with additional vo!uute for MSIMSDILD umlyses. 
3 - Collected ou a Ildnylmedia frequency. @amp!0 From every other day aualyrsd iuitially). # shown reflects # au8lyzed. 
4 - TCL Volatiles only. 
s - ?he tar@ aualyte list for soil gas include: benzme, ethylbeuzene, 1, ldichloroethate, cir-I ,2dichlometlme, tfichlomtheue, 1, I, I-trichloroethane, chlomfofm, carbon 

tetrachloride, toluene, total xylems, 1, I dicbloroethane, tram-1,2dichlomethate, 1,1,2-TCA, methylme chloride, md.fiwn6. 
6 - The bon referenced he& applies to Freou-I I3 (trichlorotrifluoroettme). 

+ - Surface water at the Coal File area md the three offsite groundwater samples near the ECM u# (to be obtaiaul contiugtnt upon Suffolk County’s approval) are to be 
sampled for TCL volatiles plus freou only. 

NA- Not applicable. 

7 
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1.5 QUALITY A!SURANCE OVERVIEW 
1%. 

t: 



- 

2.0 PaoJEcT ORGANIZATION AND RESlQNSBILlTY 

IULUBURTONNUSwillbererpondblefortheov~murrgmrmt of the pmjcct, inchdiag the field inspeaion 

and conduct of all dfilling and mm#ing activities. Persad tiom the Navy will be actively iivolvcd in the 

invwtigationaad will ccmdide with pemonwl from HALLDUR’l’ON NW in a number of asms;. 

2.1 PROJECT ORGANRATION 

L 

,- 

The key firms and pemcumel involved in the RFA Sampling Visit, as weIl as the chin-of-conuwnicrtion and 

reaponsibiityoftheprojsctpammel8re8sfolicnvs. TbcN8vyRea&8lPmjectMm8gcxis!eapmsi~eforthe 

ovenlllxuMgamtoftbeIRprognmfoftbcNwlRP~ve!ton. 

,- 

I 

; ,-“. 

. NorthernDivision 

Naval Facilitim Engio#rLng Conmmnd 

10 Indwtlid liigimy, Iail stop #a 

kstcr, FeJmsyiv8ai8 19113 

(215) 595-0567 

Debra Felton, P.E (Code 1821) 

Remedhl Project Manager 

The project is being ducted by HALUBURTON NUS. 

HALUBUR’l’DN NUS Eavirarmmul Corpontioo 

FostuPlqa7 

661 Anderwn Drive 

Pittsburgh, Pennsylvtia 

(412) 931-7090 

David D. Brays&, P.E. 

Project Manager 

9 



23 FIELD ORGANIZATION 

The HALLlBlJRTON NUS field investigation team will be orgnhd acording to the activity phmed. For onsite 

iramplmg,thcsrmpling~~w~k:selectsdbrseduponthe~~~~tofe~r#luired. ‘Ibetam 

will consist of a combination of the following pcmonncl. 

Field &ration Lader (FOL) 

FieldGeoiqgist 

Quality -qu8lity control advisor 

Site he&h 8ud s8fety specklist 

The FOL will be mspoasible for the coordiition of all onsite persomel sod for pmviding technical assistance when 

required. The FOL, or his designee, will coordii and be praxmt during all mmpling activities and will assure 

the availability aad amhemxe of all sampling matehls and equipmau. Tbe FOL will be mponsible for the 

completion of all sunplii and chain-of-custody docunrartation, will assume custody of all samples, and ensure the 

proper baadlmg and a&ipping of sunpIes. 

The FieId Geologist will be responsible for providing technical supervision of the drilling subcontractor and for 

m8int8iaing 8 gwiogic log of 8ll borings drilled. Copies of the forms to be uaul in this iaveatigation an3 provided 

uAppa&xB. 

10 



‘Ibcsitchalthmdmfdyqai4istwiUbemponsiblefor msluingthat~tamIwm~8dll~tothesiteiKaltb 

md safety rcqukmats. Additional reqonsibiitics of the site health md safety specialist are ts ifollows: 

,-- 0 

l 

,-- 

.o 

s 
0 

0 

,l. -. 

0 

Modiijbg the levels of protation bmed upon site obmnmtions. 

. . 
Dctcnnurmg 8ud porting ioatiow ad lopbs to BKdicd ikcilitiea, including poisoo controi 

-9-f arm&lgforemrrgarcy~cultomedidfwilitiw. 

Notifyiaslocal public mcrgacyofiiars,iacludingpoliamdfif8dqrrtmerrts,ofthea8tur8or 

the team’s opentiow Md for posting rhea dcfmtm&s &phone numb. 

Exmi&gwork-p8rtyamahsforsymptomsofcxpoDursofshuss. 

2.3 LABORATORY OPERATIONS 

Analysis of all cmvi mnmattd .wmples will be perhmed by a NEESA-approval labommy. The laiboutury work 

willbcperformedin~ with QC level D guidma u stipuhted in the NEESA gtaidelina (20.:24478; 6/88), 

which requires CLP mctbods WKI CLP-w delivmbies. ‘l&z QA/QC proaduma should meet or exaed NYSDEC 

requirements. 

11 



3.0 QUALITY AssuRANcEoBJecTIvEs FOR DATA MANAGEMENT 
-._ 

‘lhe ovcmii QA objective is to develop snd implm proahes for field sunpling, chain-of+ustody, labomtoiy 

8nalysis, and mportiug that will provide mvimnmad monitoring data of known uul acaptable quality. Specific 

ptoadurw to be wed for sampling, chain-of+mstody, alibrntion of field inatnrmeats, laboratory tiysis, reporting, 

internal quality Control, audits, p!v8attative nmhtewna, uld Corrative ~tions are described in later aectioas of 

thisworkph Thepurposeofthisatctiooisto~tbedrtaquriityobjactivssicrternrsoftht(PARCC) 

parameters, quaatithm md detection limits, field blanks, trip bhks, M bhnks, and botthme cleaolmess. 

L 
F 3.1 

. . ta Qaalrtv ObHct, ‘vg 

,-’ 

r-’ 

Data Quality Objective3 (DQOs) ue qu8litstive 8ndh qauntitive st&lmlltsrtltrrdingtllequ8lityof~nee&d 

to support .the RPA-SV sctivities. l’he sunpling r&de pr&ded in ,ssctioa 4.0 of this work plan oxphins the 

choia of sample ioations sod u&ii which will supply informstion needed for the RFA-SV. ‘Iht use of Con&& 

Laboratory Program (CLP) analyses iiratui in Table 3-1 @knvingcumnt CLP SOW pllotocols is expected to satisfy 

dataqUllitynecdsinaaohna with NEESA, NYSDEC, aud CLP r@mma&x. 

j .“. 
3.2 

. . D~~tabO n Limi$ 

Both aqueous and solid quantithm liits are those -atired IS Contract Requhd Qua&&ion Limits (CRQLS - 

for orgauics) and Contract Required Detection Limits (CRDLs - for inorgaaics) for a current C&P SOW with 

allowanas for dilutions md dry weight conversions. The CRQh uui CRDIJ for the 1990 SOW arc pnsenud ia 

Table 3-1. The law ho reports Method Detection Limits (MDLs) and Iwtrumwt Detaxion Limits (IDLs). 

These limits, by contr8ct, must be eqti. to or less thu the CRQLB md CRDLS, respectively. For the RFA-SV 

report,theMDIs~IDLPof~~#leasdmdiootrumeaewsdariUk:pnrtoud. Forsoil- 

measurements, the detection limit fm acb cbemial is expected to be &out 1 ugk The lcturi deteotioo liit is 

based on vendor selected md instruments used. These detection limits will also be documented. 

33 

Instnuneot detection limits (IDL) m repotted qmuterly under CLP protocol. The qturterly IDLs appiiable ti the 

date of analysis will be supplied in each data package. IDLs must be less thao or equal to CRQLS, 

12 



TABLE 3-t 

CONTAINER, AMOUNT, PRESKRVATlON, HOLDING TIME, AND CONTRACT-REQUIRED QIJANI’ITATION UMIT REQUIREMENTS 
RCRA FACILITY A!ZXS!4bM - !RTE VlSIT WORK PLAN 

NWIRP 
CALVERTON, NEW YORK 

Bromodichloromethrna 



TABLE 3-I 
CONTAINER, AMOUNT, PRESERVATION, HOLDING TIME, AND CONTRACT-REQUIRED QUANTlTATiON LlMlT 
REQUHtEhlENTS 
RCRA FACILITY AS!XS!GhlENT - SITE VISIT \VOkK PLAN 
NWIRP 
CALVERTON, NEW YORK 
PACE 2 

Penmeter 

JCL Volrlilc Onrnic Compound6 
(Continued) 

I ,2-Dichloropmprm 

cir-l.3-Dichloropropene 

Trichlomethene 

A. Oroun~weter end Surfecr Wetcr Sempb 

Contriner Pfe6ervrtivs Holding Time 

0, Teflon-lined septum Three Cool, ioc ! 4 d6j’r 
IO-ml virla HCI to pH <2 

CRQL 

0 

10 

10 

10 

Methoddoly 

CLP SOW 



TABLE 3-l 
CONTAINER, MIOUNT, PRESERVATION, HOLDING TIMK, AND CONTRACT-REQUIRED QUANTlTATlON UMIT 
REQUIREMENTS 
RCRA FACILITY ASSESSMENT - SITE VISIT WORK PLAN 
NWHtt 
CALVERTON, NEW YORK 
tAGE 3 

Parameter 

JAI. Metrk.Cvmide 

Aluminum 

AlttilttOny 

AtWtk 

Barium 

Beryllium 

Cadmium 

Cakium 

Chromium 

COhH 

Coppn 

Iron 

Lead 

Mqneaium 

Mmgrneoe 

MWCUIY 
Nickel 

Pot&urn 

A. Oroundwrter mnd Surfmx Water Samples 

Container Prewvrtivr HoldinS Time 

P; one l-liter bottle total HNO, to pH <2 IKtdrya 
Cool, 4°C 

26 dayr 

CRDL M&odo~ 

6&L) 

CLP sow 

200 

60 

10 

200 

5 

5 

5,fJofJ 

IO 

50 

25 

100 

3 

5,ooo 

I5 

0.2 

40 

5,ooo 



TABLE 3-I 
CONTAINER, AMOUNT, PRESERVATION, HOLDING TIME, AND CONTRACT-REQUIRED QUANTITATION LIMIT 
REQVIREMENTS 
RCRA FACILITY AS!!.lENT - S1TE VISIT WORK PLAN 
NWHtt 
CALVERTON, NEW YORK 
PAGE 4 

A. Gmundwrter and Surface Water Smiler 

Cyanide P; one l-liter bottle 



TABLE 3-1 
CONTAINER, AMOUNT, PRESERVATION, HOLDING TIM& AND CONTRACT-REQUIRED QUANTITATION LJMIT 
REQUIREMENTS 
RCRA FACIUTY ASSESSMENT - SlTE VISIT WORK PLAN 
NWlRt 
CALVKRTON, NEW YORK 
PAGE 5 

B. Soils, Solid Waste, and Sediment Swnpler 



TABLE 3-l 
CONTAINER, MIOIJNT, PRESERVATION, HOLDING TIME, AND CONTRACT-REQUIRED QIJANTITATION LIMIT 
REQUIREMENTS 
RCRA FACILITY ASSES!!tEMT - SlTE VISIT WORK PLAN 
NWIRP 
CALVERTON, NEW YORK 
PAGE 6 

Peremeter 

TCL Voletile Orxrnie Conmounds 
(Conlimted) 

I ,2-Dichloropropene 

cir-1.3~Dichloroproprm 

Trichloroethene 

Dibromochloromethrne 

I, I .2-Trichloroetbrne 

Benzene 

trens-I J-Dichloropropene 

Bromofoml 

4-Methyl-i-pentenone 

2-Hexenone 

Tetrechloroethene 

Toluene 

I, I .2,2-Tetrechloroethene 

Chlorobenxene 

myl Benzene 

Styrent 

Xylener (lotel) 

Trichlorodifluoroethene 

Trichlorotrifluomethene 

B. Soile, Solid Weste. end Sediment Sempler 

Conteiner Prewrvrtivc Holding Time 

0, Teflon-lined eeptum Threa Cool, 4OC 7 dryr 
6B-mL vi& 

CRQL 

6&8) 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

IO 

10 

10 

10 

10 

10 

10 

Methodology 

CLP sow 
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B. Soils, Solid Waste, and Sediment Samples 
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REQUIREMENTS 
RCRA FACILITY ASESSnlENT - SITE VfSlT WORK PLAN 
NWIRP 
CALVERTON, NEW YORK 
PAGE 8 

Penmeter 

TCL Semivolrtile Conmounds 
[CoMinued) 

bi@Zhloroethoxy)meth~ne 

2,4-Dichlorophenol . 

I .2,4-Trichlorobenzene 

Naphtbrlene 

I-Chloromiline 

Hexrchlnrobutrdiene 

4,-Chlom-3-methylphenol 
@rn-chlom-metr-cresol) 

2-Methylruphthrlene 

Hexrchlorocyclopcntrdiene 

2,4,6-Trichlorophenol 

2,4,5-Trichlomphenol 

2-Chloronaphthrlene 

2-Nitrorniline 

Dimethylphthrlate 

.AccnaphLy!ene 

B. Soils. Solid Waste, md Sediment Sampler 

Container Preservrtive Holdiq Time 

0, Teflon-lined cap Cool, 4°C 7 dry; from collection 
I, a-oz. jar to exttwtion, 40 days 

after extraction 

CRQL 

ww 

10 

10 

10 

IO 

IO 

10 

IO 

10 

10 

10 

so 

10 

50 

10 

IO 

MdlOdOlOg)- 

CLP sow 
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B. Soila, Solid Weste, end Sediment Senplea 

PeremeIer Conteiner Preeewrtive Holding Time CRQL MA=fhY 
(rub) 

f L Setnivolrtile Conwound~ 0, Teflon-lined cep Cool, 4°C 7 days from colle&n CLP sow 
Ic&linued~ I, 8-02. jrr to extnction, 40 deyr 

rfler exlractioa 

2,CDinitrotoluene IO 

3-Nkoeniline 50 

Acenephthene IO 

2,4-Dinitrophenol 50 

I-Nitrophenol 50 

DibenxoLnn IO 

Diethylphthrlete 10 

I-Chlorophenyl-phenyl ether IO 

Fhnxena . 10 

4-Nitroeniline so 

4,~Dinitro-2-methylphenol 50 

n-Nitmeodiphenylrmine 10 

4-Bmmophenyl-phenyletber IO 

Hexechlorobenxene IO 

Pentechlorophenol 50 

phenenthrene IO 
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8. Soils, Solid Waste. and Sediment Sampler 

Pwwneter Container Preservelive Holding Time CRQL Methodology 

WW 

TCL Semivolrtile Comooundg a, Teflon-lined cap Cool, 4OC 7 dayr from collection CLP sow 
@&ued) I, &ox. jar to extkction, 40 drye 

after extmction 

Anthncene 10 

Di-n-butylphthalrte 10 

Fluonnthene 10 

Pyrene 10 

Butylbenzylphtbelnte IO 

3.3’-Dichlorobenzidine 20 

Benzo(r)rntbncene 10 

ChynClN 10 

Dibenz(r,h)mthncene I IO 

Benzo(g,h,i)perylene IO I 
s 
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Peremeler 

fCL Peaticides/PCB( 

dphr-BBC 

be&BHC 

.delte-BHC 

gamma-Bhc (lindene) 

HepuChlor 

Aldrin 

Heplrchlor @oxide 

Endoeulfen I 

Dieldrin 

4.4’.DDE 

Endrin 

Endoallfea II 

;0,4’-DDD 

Endosulfen Sulfele 

B. Soilr, Solid Wetie, end Sediment Sempler 

Contrimr Preservrtive Holding Time CRQL Melhodology 

ww 

0, Teflon-lined crp Cool, IV! 7 dry; hnn collection CLP sow 
It g-ox. jrr to extrection, 40 deyr 

l Ber exlndion 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 
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PenrMer 

ECL PeeticideJPCBe 
jCOlllillUcd) 

elphr-Chlordane 

ge&a-Chlordrne 

Toxephene 

Aroclor-IO16 

Aroclor-I221 

Amclor- I232 

Aroclor- I242 

Aroclor-I24S 

Amclor-1254 

Amclocl260 

B. Soils, Solid Weste. end Sediment Semplee ’ 

Conteiner Presewrtive Holding Time 

0, Teflon-linal crp Cool, 4-c 7 dayr fium collection 
I,goz.jer to exthction, 40 deyr 

alter exmction 

CRDL 

WW 

0.5 

0.5 

1.0 

0.5 

0.5 

0.5 

03 

0.5 

I .o 

1.0 

M&OdOlOgy 

CLP SOWr 
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Parameter 

TAL MaIn end Cvenidp 

Aluminum 

Antimony 

AtdC 

Berium 

Beryllium 

Cedmium 

Celcium 

Chromium 

Cab& 

Iron 

Lad 

Meg&urn 

Mmgmese 

MWCU~ 

-NiCW 

Pot&urn 

B. Soilr, Solid Werte, end Sediment Semplee 

Conteiner Pretervrtive Holding Time CRDL Methodology 

(WW 

0; one l-02 glru jet Cool, 4°C IBO dip CLP sow 

40 

12 

2 

40 

I 

1 

1m 

2 

IO 

5 

20 

0.6 

l,aaO 

3 

21 &ye 0.2 

8 

I,ooO 
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Poremeter 

TAL Metals end Cvrnide 
(Continued) 

Selenium 

Silver 

Sodium 

B. Soils, Solid We&e, end Sediment Sampler 

Container Pre8ervntive Holding Time CRDL Methodology 
ww 

0: one I-02 glrsl jar Cool, 4°C I80 deya CLP SOW 

I 

2 

1) Contract lrhontory Prognm Statement Of Work - CRQL’s end CRDL’S presented are for 1990 SOW. CRQLa end CRDLe will very with dilution fector end umple % M&II. 

NA - Not rpplicrhle. 
CRDL - Contract Rquired Detection Limits 
CRQL - Contnct Rquired Qurntitation Limits 
P - Polyethylene 
0 - Oh!38 



~~~of~~rstirmeasur#1by~~dicsofrbe~nrmslythePARcc@recision, 

accumcy, rep==tiv-, compuclbitity,dcomplttaress)m. someofthe PMmeters~~xpnsped 

quantitatively, while others am cxpmmed qualitatively. ‘Ibe o&ctive~ of the RPA-SV and the Ma&d ” of the 

&ta define the pARcc goals. 

3.41 Pmcision 

Precision W the amount of variabiity and bii inhcreot in a data set. Precision describes the 

reproducibility of ~~ofthe~purrmsttrfor~rrmple~~rrmsorsimiluconditions. Precision 

isexpmmedas8rangc(thediffemmceb&wccatwo -tsofthemlle pammter)or8fiar&tivcpcrcmt 

difference (the range dative to the mean, expmued as a percent). Range and Relative P&cent Differawe (RPD) 

v8lues ut cJcul8ted is folhws: 

Range = OR-DR 

RPD = (OR - DR)/[(1/2)(OR + DR)] x 100% 

where: OR = origid sample result 

DR = duplicate sample result 

The internal Mmntory control hits for @recision are thee times the standad deviation of a series of I&D or range 

v&es. RPD values may be aicuhted for both laboratory and field duplicates, and an be compared to the control 

limitsas a QA check. Mmatory duplicates will be anal+ at the rate ra@d by the CLP. Field duplicates will 

be collcctal for 10 percult of 8ll samples collected. 

3.4.2 Accuracy 

Accuncy is tbc comparison between expcrimattahnd known or calculated vaiues expmscd as a pcrcmt recovery 

(56R). Percent recoveries UL! derived from aaalysis of standards spiked into dtionixed water (standard recovery) 

or into actual samples (matrix spike or surrogate spike recovery). Ramvery is cah&tcd ui follows: 

27 



%R=IilTxlOO% 

when: E = wrperimmtsl muit 

T= true value (theo~cai muit) 

.md 

T = [(sample aiiq.)(sample cont.) + (spike aliq.)@pike conc.)]&ample aliq. + spike diiq) 

3.43 Reprwltativlmess 

Ail data obtained should be reprwathtive of actual conditions at the sampling location. ‘he work plan iu designed 

so that the samples taken will pmseat an accurate represat8tion of actual site conditions. The ratitmalea diiussed 

in the work pirn ue designed to eosufe this. All sampl.ing 8ctivities will confolm to the protocols give0 ill 

Section 4.0 of this work plan. The use of CLP analytical protocols and data deliverables will emume that analytical 

results and deliverables are repmaentative, and both consistently performed and reported. 

3.4.4 comparabiity 

Both analytical pmcedures and sample collection techniques will maximim the comparability of this new data to 

previous data. Additionally, considemtion will be giveo to M conditions and other environmm t8i conditions 

that could influence malytical results. 

3.4.5 CompkterKss 

Completeness is a measure of the amount of valid data obtaioed f&m the mensurement program, compared to the 

total amount collected. For relatively clan, homogeneous mm-ices, loo-pmXat compietams is expecmi. 
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. 
Todetermkwbether~ ‘onofsamplmhsoccmal, ficldblmtkswillbeobhinal. FWdblmkswill 

. 
bctakenattherateof~DersoumeDer~ev~ ,aadwillbemaly&fixTQ.Vol#ilcs,fWn 113,TAL 

met&, se*voi8tile orgmics, FCB8/psuticides ml/or cyauide ia -withNEEsAguideiines8nddepwding 

on the sampling activities. In gateral, field blanks will be taken of water used for equipment deconfamimtion 

purposes, ona per week. 

To determine whether coaku&&oo of samples or bottleware bus occumd in the field, tip blanks will be used. 

Trip blanks consist of armlyte-free water taken from tbe laboratozy to the site, and retunml. Trip blanks am taken 

at the rate of one per cooler of volatile organic samples and will be analyml for TCL VOAs only. 

An equipment rinsate blank consists of,the final malyt&te water Gaae from equipmeat cleming. Rinsate blanks 

are collected daily during the mmpliig event and media, wi the samples fkom every other day am analyzed for 

inorganic and/or organic contaminants. If potential contamination is obse~ed, tbe reo&ing rimate blanks are also 

dp!!d. 

NEESA requires specific bottleware claning procalures. Precleaned bottles will be used at the NWIRP Calverton. 

‘Ihe required artific8tion will be provkkd. 
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4.0 ImLD SAMPLING PLAN 

r- 

4.1 GENERALSI'IEBACKGROUND 

HAUlBURTON NUS has barn tasked to perform a RFA-SV Work Plan at the NWIRP Calverton for three sites. 

In 1986, an Initial Astmment Study @AS) identified pota&lly contamimed sites at NWIRP Cshmton (RGH, 

19g6). Based on the IAS, 8 Site Invmtigatioo (SI) was conducted for the NWIRP Calverton betwem July 1991 and 

April 1992 (HALLIBURTON N-US, 1992). This SI evalmted eavkmmtal contsmiwion at sevm areas. 

EmimnmaMl contaminrtiOnb8sbscaoonfirmsd atfouroftheseamstiduebeingaddmsedunderaaqmmte 

FullRFIandQAPP. ‘LhstusrsrrtthcSite1-NorthurpondDirportl~Sitt2-FinTrcriuing~,Site 

6A-FuelCalibmtionAma,andSite7-FuelDep&. C!ontaa&mtsdeWtedatoneormoreofthmesitesinclude 

soivmts,fuels, havymds,mdPCBdpdcidcs. 

under the work plan. The specific areas to be &fessed under this work plul m u follows. 

Site8-CoaIStmgePileArca 
~ i...“. 

Site9-ECMAm 

Site 10 - CesspoolIIxach Field Areas 

‘ibe locatiou of each of these areas is present in Figure 13. 

4.2 SAMPLING OBJECTMB 

The objective of tbis study is to obtain eoviroamea t8linform&tioniao&rtoz 

0 Eliminate from further investigation those sites that pose DO definable keat to the mviroament 

or to human health under RCRA. 

a Dcluuumttberelsrreofpotea~reltutof ihudous subat8nas 8t each rite uad de&mine if 

additional action is reqiifed. 
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43 FIELD OPKRATIONS 

lkethme8itatohedrased uadstthirworirplrn~Sitt8-corlpile~Arcr,site9-EcM~~ 

Site 10 - Cesspoolbach Field Anas. The site b&gnnmd, sampling ration& and sampling activities are discus4 

u foiiows. 

43.1 -80CoalKkstorpee 

43.1.1 site Bnckpud 

43.13 !?mmpuDg RatiDMie 

‘Ibe former co8l pile MO is being investigated because of reports of solvents being placal on the piles for evattu8l 

deshuction during the burning of the coal. Solvents may have entered the soils aad groundwater in the uea. 

During8ninitid ~aoftheprerinOctober1992,itwrsobserved~~ipi~annmofffmmtbecorl 

pile entem a small mushy axea north of the coal pile (see Figure 4-l). This ma& is near drinking water wells for 

the kility. Thvo of the wells (Production Wells 2 and 3) h8ve b#o idabtified to be con- with low leveb 

of solverrts. The solvcntr and collcenmtions~~~lcveisnarmd~~~g~~iotbe# 

Production wells 8re sllmmbd as fbiiows. 

1,1,1*cllloiathae 5w 

freon 113 ‘4 w 

vinyl chloride 2u%l 

Activities in this m should conaatnte on iavestiguing potential aolveat (volatile organic) contamhtioo in the 

remaining coal pile. in tbe soils 8nd gfoudw8ter underneatbthecoalpile,8ndintheaedkntsaadsurhaw8ter 

inmush. Other~cs(eJtceptforth~~lyfoundincool)urd~ccon~~uewtbe~ 

tobeaconarnfortbisuea. 
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tl PROPOSED SEDIMENT tl PROPOSED SEDIMENT 
SAMPil LOCATION SAMPil LOCATION 

@ PROPOSED SURFACE WATER @ PROPOSED SURFACE WATER 
SAMPLE LOCATION SAMPLE LOCATION 

PROPOSED WASTE 
SAMPLE LOCATION 

PROPOSED SOIL 
BORING LOCATION 

PRODUCTION 

n 

0 

8 

\ \ ;/ 
\* 1 

0 I’ 
PW , 1 

\\ 
1); 

I I 
I I 
1 1 
I I 
I I 
I 1 

COAL PILE . 

? 
? 

APPROXIMATE SCALE 1’ = 250’ 

RE e-1 

I3ALtJBURTON NUS 
32 
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soii,ecdimult,waste,uld~w8ter~leswiil~wuecaedin acumhcewithNEESAmcthodologyforTCL 

V0htUedOrg8aiudfi#nr. WUtelrmplss(oththnc4),if~ wiubc8dyzcdfbrTcLvo~e 

orgwics, remivolatiie orgwics, I’CWpcmticidu, TAL metals, aad cyanide. A list of analytes, analytic4 anethods, 

con- quitad vtiteti~n hia, - mw, ti boldhg timsr ir provided 011 T&e 3-1. Field 

aamplca md~aaalytiaI test@ ue sumawhd in Table 4-l. 

Tbreesubnuhesoilborings(6 ttubaha aoil samples) will be drilled at the coal pile site (see Table 4-l md 

Figure 4-l). Borings CP-SBO9, CP-SBIO, aud CP-SBll will be drillsd on the west, north, and east side of the 

remaining cod pile, rapectively. ‘he subsuhce soils at the coal pile will be analyad for TCL Volatilea plus 

freon. The borings will be drilled in the area sunauading the existing coal pile aud within the area of the larger, 

former coal pile. These three borings will investigate the poteatial downward migration of contamhatiw from the 

existing d/or former cd pile into the underlying soils. 

Test borings will be drilled and submhce soil samples will be collected 8t aelected ai-, to detcmhe the preseace 

or absatce of subm&ccsoUconrunirut;m. ~~willberdvurcsdtotbcwrter~le(esti~depthof5to 

20 feet bgs). Driliiig operations for soil borings will be ca&cted using the bouow-stem auger nletbcKl. During 

drilling operations of overbuh materid, Standad Pemtmtion Tests and split-spoon sampling will be performed 

cootinuously io aU soil borings. All split-spoon samples will be screeocd with an Organic Vapor tiyzcr (OVA) 
, 

and visually hspcctd for litboiogic dcacriptioa. Soil borings will be backfilled to the surf&e upon completion with 

cement/bentonite grout. Bad oa the OVA amsurements of the aoil, cutting8 will be containeritad in 55-g&m 

dnurrPif~~~~~levelrueplrsmtot~onthegrwndneuthe~gifnoOVAradmgs 

above background levels are obrervsd. 
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TABLE 4-l 

SlTEB-COALHLESTORAGEAREA-FIELDACTWRIES 
RCM FACILITIES -sITEvxslT 

NWlRP, CALVERTON, NY 

DJSCWPTION OF Am 

Site 8 - Coal 3subeuhasoiiborings-2 EL Volatile Organics 8ud fireon 
File Storage mllbadu roil sunpwboring 

1 mrfaccw8ter88mpie(minevmt) TcLvoi8tikorgulLicsald~ 

3#cdimc0tloations-2wAiment TCL Volatile Organicmod fir 

3wastesamplesElkmin~g TCL Volatile Orgaaics 8ad fwoa 
co8i pile 

0to2w8stcnmp1estakminaoil TCL volatile orgulics, semi- 
.borings, ifwastcsiudges8rc v&tile Orgudcs, FC!B/*ciih, 

alcowten?d TAL Metals, fmm, and cyan& 
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in 8dditioa tq roil E8mpias, sludge nmplm (if socountersd)m8ybDcoucctod~ducfibedwdertheWutes8mpiing 

llution below. 

S8mpks for analysis will be collected by splitting the roil smple opea lcmgitmiimlly 8nd extra&kg aoil from the 

entire iwgth of the interior of the sample. Portions of the sample submitted for X!L Volatilea plus fkoa anaiysis 

will be placed directly in to the quired containers. Remaking portioaaofthesmplewillbehomogeaizadmd 

distributed to the appqniate con+iners. A~~steelwillbeussdtoplrcethesPmpleintothtraquired 

cont8illcrs. hylm8inin gaample~willbeplacedandretaimdinan8-ouace ju 8s 8 lithologic sunpIe, 

as will those split-spoon samples not submitted for chemical analysis. Drilliog and sampling will be performed in 

accordance wit& HAUlBURTON NUS Sops GH-1.3 and GH-1.5 (m A). Deco&&&on of drilliig and 

tumpiiag equipmeat will be pc&mDEd as demibcd in Section 4.7. 

A complete log of each boring will be maintained by the field geologist. Appendix B contains au example of the 

boring log form. At a minimum, the boring log will contain the following i&rmation, when applicable, for cacb 

overburdw boring: 

SW!lplCUWDbefS8lldtn#s 

Sunpie depths 

Statwkd I’ewtrdon Test data 

Sample ramvery/umple intend 

Soil density or coheaiv- 

Soil color 

unified soil cl8uifiutiofl systm (WCS) ln8tcd dc!scription 8Bd symbol 
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In addition, depths of chaagcs ia lithology, lllpplc moisture obscrv&icms, depth to wrta, OVA nmdiags, drilling 

mrdhod,urd~~of~boraholerhwldbtincludsd~srcb~loO,~wdlrs~yothrrpeitinent 

ObeelwtioM Sample bottles ccmt8ildag mail nlBplo8 colkted 8olely for iithologic dWriptioa will be nuf&cN9d 

coasa&vely st&ag with S-l. Ia addition, the following iaformatioa roll be recorded oa the lid of the umple 

jus: 

- Job number aad name 

Boliag and umple number 

i Depth intelv8i 

Blow counts 

auermtive “mple collectioa takliqucs will be considrred. Gtle pot+isl8henutivc is the “direct push” method 

of obtkag sampics. Under this method, the samples UC collected by hydmulialiy driviag a I.-inch dkacter 

piston-type sampler to the top of the desired suaple interval; the pistoa withia the sampler is relerslsd md the pipe 

advanced thmugh tbe hfget interv8l. The soil core then alters the rrrmpler, which ccmt8ias a XloW~ve p&tic 

or stainless steel liaer. After the drive rod is removed from the soil, the liacr containing the soil colama aa be 

removed. 

waste Sflalaii 

Three samples of w18te IIU&~I will be collected from the 4 pile (see T&e 4-l sad Figure 4-l). These sample 

ofpotm~wurcc~w~lbecoll~fmm~~yl0to20incbssbdowtheoutsidenuketoftht 

cd pile aad be dyzui for TCL voktile orgaaics. The sunpies will be collected using suiakas rtcel mnveis to 

t-fer nrrserirl directly to the rupaired rrngple jars. Samples wiU be coilected in accmbcc with 

HALUBURTON NUS SOP GH-1.3 (Appadii A). Decoaumiaatioa of aampliag equipment will be co13duEted m 

described ia Sectioa 4.7. 

If sludges ut e~couatcred during the soil boriags uxivities, up to two rrmpies of the sludge will be collected for 

full TCIfTAL pammckm plus f&m. ‘Ihesc nmplcs will be collected as described for subsurf& :soil anmpling. 

The ideatifiutioa of sladgcs will be d&err&cd ia the field by the field geologist. Prop&es distinguishing sludges 

from natural soils include diffcrcaces ia particle size, moisture coateat, whesioa, color, aad oil coatwt from the 

natural soils. Makrials which caa be confidently identified in the field IS collstNctioa debris such u asphalt, 

concrete, and wood will not be sampled. 
,’ a., 
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In addition, field mersurremeotr wiUbeobtaiwdonthcsurfauwrrt#~priorQampiewUwticm. ‘IIesefield 

mcrrsunmarts illcludez 

PH. 

Specific Conductance 

Tempenturr: 

Relative color and t&id@ will aiso be noted oo the sample log form. A blank sample log form is provided in 

AppauiixB. Procedu~forobtaiGngthwefield -ts am ducribed in HAUIBUR’KIN NUS SOP SF- 
. 

1.1 (Appendix A). 

Sixsedimentsrmplerwillbtwllectedfromdvselocrti~(2amplapa1ocrtion)inthepord/lllusby~lmrrA 

approximately 500 feet noehwcst of the coal pile (see Table 4-l and Pip 4-l). All qles will be wllected in 

uardawc with HALLlBUR’lDN NUS SOP SA-1.2 (AppeaEx A) aad atulyzul for ‘EL Volatilea plus Finn. 

Stainless steel bucket-type head augers and trowels will be used to wllect two suupla at each location. Sampled 

mrrterirlwillbernntfareddirrctlyhPmthebucketursertotheisquirsd~~. Theuppersampieatuch 

locrtionwillbewllectedftom4to8inchcsbelowthtsurfux. Thtlowersunpkwillbewllectedftoml8to24 

inches below the s&&e. Deooataination of sempliig equipment will be conducted as described in Section 4.7. 
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43.2 ste9-EcMArta 

43;cll siteBllckgmund 

‘Il~eECMareawasconmumd in the cd? 1970s. There 8m no nnaufu%wing 8ctivities occuxring 8t the site, 

although l,l,l-trichloroetbme is used for ckening puqmm, (qpmximkly 10 gallons per year). 

In June 1992, Suffolk Quaty Ilcpammt of Health Servicu~ notified Grumman ckrpo~onthatupto1190ug/l0f 

TCAweredetectedinoffkiteweUsuijmmttothismea. ‘IhmeweUswereinst&dinsupportofamunicipal 

sludgc/aocl growing exphmaltbythcwun~. &&don gwndwuer fiowp8tmns-bythccowty,thc 

ECM is a pomtial sounx a#ea of TCA lying bydmdially upgmdieot of these wells, (see Figure 4-2 for the 

approximate location of these w&i). 

4.333 +InpliagRatkmak 

east (and potmtiaily hydrauIiuUy dowq@ieot) of the ECM area (ree Figum 4-2). Based on the r#xwIII1’Jslo3ct 

ofthearesinOctoberl992,thereisvisurrlevidence~wnstructioadebris~disposedntartheanrinthe~. 

Historic photographs of the fkcility indicate disturbmces of the soiis in the area during tbe 1960s and 1970s. Also, 

solvents (volatile organics) have been used at the site in the psst. The disposal of other materials in this area cannot 

be ruled out. Field activities in this area will foc!us on the disposal area, the former solvart storage area, and the 

cesspool for solvent contamimtion of the soils. Thm is no evidakce tb8t suggests other orgfmics or inorgmic 

wataminauts would be prcemt at the site. 

43.23 Sampliq Adivitia 

The field investigation will consist of the following tasks: 

l Subsurf~ soil borings and subsurface soil sunpliog 

0 GroundwuersuJlpling 

0 waste nInpling 

Soil and groundwk samples will be wllected in accordance with NEESA mthodology for TCL Volatiles Orgmics 

and freon. Waste samples, if mcountmed, will be 808lytcd for TCL voiatile orgmks, semivol8tils organ@, 
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9.9--e 

APPROXIMATE 
LOCATION 
OFSWLE 

l PROPOSED SUBSURFACE 
SOIL BORING LOCATION 

0 CESSPOOL 

@ 

8 E”;~SWCN~ITO~ COUNTY 

I I 

MUES 

1. LOCATIONS ARE APPROXIMATE 
2. WELLS ARE PROJECTED FROM MWl l l APPROXlMATE 

DISPOSAL AREA 

APPROXIMATE SCALE I’ = 150’ 

CAL-. NEW YORK wrl 
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PCB@sticides, TAL metsls, and cyanide. A list of anslytes, ansIytial methods, contmct required qusmitstk 

limits, cwt8iners, pnsmmtivu, and holding times is provided on Table 3-l. Field ssmples and anslyticsl testing 
. 

arc cd in Table 4-2. 

. 
Wsurfaw soil B~.&JJ~ ad S-m 

Eight subsurface soil borings (16 s&&ace soil ssmples) will be completed to the water tsble st the ECM site (see 

Table 4-2). Groundwakr flow directions are not clarly de&al, but are expect4 to be spproximstely from west 

to mst-southcsst, bsad on mgional ixhmation. Figure 4-2 shows.thc locations of all ssmpling locstions st the 

ECMsite. I%%minq~soilboiinglocstionsweredetc Ldduringarecentsitevisit. Exsctboring 

locstions will be adjusted in the field to svoid mu&ground and overhead utility lines. Subsmface soil ssmplcs st 

the ECM site will be analyzed for TCL Volatiks plus freon. 

oae boring(ECM-slIol) will be drilled @scent to the ceespaol on the west side of the radsr iMt&tion buiidiq. 

Asecwd’boring(ECM-S~)willbedrilledon(htsrstrideofthebuildingarbcre~55-gJSandnacroflllTCA 

(trichlorathane) wss formerly stored. The drum wss equipped with a spigot sad aa open cstch-psa used for 

evsponuioa of spent solvent. Boring ECM-SBo3 will be drilied dowa gradient of the building, between the foima 

solveat storage locstioa sad offsite monitoring well MW-7. These three borings will be used to establish the 

presence or abscace of soil wmamiasuoa sssocisted with sctivitics st building and the former solvent storage arcs. 

Borings ECM-SB04 sad ECM-SBOS will be drilled ia the swsle to the southesst of the building. These two borings 

arc locsted to iavestigste potential wntaakstion from undetermined historic sctivities in the swalc md potential 

coatamiaation becsuse of activities 8t the existing instsllstion. Air photographs indicate activity in this 8rea prior 

to the construction of the present ECM inst&tioa ia 1972. 

Borings ECM-SBO6, ECM-SBo7, and ECM-SB08 will be drilled slang a north-south line betweea the buikhig and 

su above ground dispossl srea south of the building. ECM-SBo8 will be drilled ss close ss possible into this 

disposal srea. The disposal sres is located slang a north-south treading rosd thst extends from the ECM building 

to the south. Concrete, ssphalt, lsrge steel equipmutt, generators, sad miscellsneous umstructioa debris were 

obsctval ia the disposal sra during the recent site visit. 

Test borings will be drilled and subsurface soil sunpies will be wllected at selected sites to determk the pmsence 

or absence of subsurface soil wmamiaation. Borings will be advanced to the wster table (estimated (depth of 5 to 

20 feet bgs). Drilling operatkms for soil borings will be conducted using the hollow-stem auger method. During 
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TABLE 4-2 

SlTE9-ECMAREA-FZELDACHWllES 
RCRAFACUTlE!S -slTEvlsxT 

NWlRP, CALVERTON, NY 

I DESCRPTION OF AcllvfiIEs 

Site 9 - ECM 
Area 

8sub~dcesoiiboringa-2 
slburfh #ail sand- 

3gtwdw&rsrmpics-existing 
offsite Suffolk county wells 

oto2w8stesunpicsr8keaillaoil 
borings, ifwastesldgm8re 

-XL voktik orgmics, fuon, 
TAL Metals, and cyauidc 

TcLvoktikorgania,suai- 
voi8tiiotIhgan& PcB/peaticides, 
TAL Meals, fiuon. md cyanide 
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driUing opaions of overburda~ mterial, Smudmi Fkebation Tests md spkpacm smpliag wiU be performed 

continuousiy in ail soii bor&s. Ail @hpaon sampia will be munod with an organic vapor Analyzer (OVA) 

and visually inspwted for lithologic duicliption. Borinp will be b&filled to the sulfkcc apon c%m@tioa with 

ccmadbmtonitc grout. Based on the OVA m Of the soil, cuttings wiil be contain&4 ia 55-gallon 

drumsisOVAradings~vebrckgnwmdievtlsueprrsmtorsprrrdonthegroundnneuthebolriogifnoOVA 

madings abve background levels 8re observed.. 

v. 

Two samplm per boriag will be submitted for chemical rnrlysis as outliaui ia Tables 4-2 uui l-l. Sampled 

~~~forchanicrtrarlyrisIlhlliDCiudcooe~~tbt~mdthtwrtcr~IC,~one8rrossthewuer 

table. The upper sampie will be sekcted based oa elevated OVA rmdiags aadk visusl wideme of coatamimtioa 

(i.e. staining or discolomtioa of soil). The sampie above tbt water t&le with the highest OVA rtrding (@nary 

debmhation) or appariq discolored (seumduy deter&&on) will be mtGuod for testiug. To obtk this suapie, 

~ini~split~trmplsiaerchknirPgwillbew~sdsd~~~lefwcbsaricrluulysisQ.e.plu#diDtothe 

rapid qnple coati, Ueled, and ternporuily stored ia a cooler)~ ,If the next split spooa suapie ia the boring 

hrshigherOVA~m~thnthefint,orgrsrter~~deactof~~,thtfintrPmplewillk: 

.‘.)I_ 

disankd sad the second split spaoa sample will be wkted for chemical analysis. The thind, fourth, and 

su~ueatspiit~srmplcsiothe~gwiilbewmpuedtothe~i~rrmpl~intheboriragithestme 

way to the total depth of the boriag. Ia each boring, the sample at the soil/water interface will be submitted for 

chemical aaaiysis. 

Ia addition to soil samples, sludge samples (if eawuatered) msy be wlkcted ss described under the Waste Sampiing 

section below. 

!Samples for rnrlyris will be wllected by splitting the soil suaple opea longitudklly and extmcting soil from the 

entire length of the interior of the sample. Portions of the sample submitted for TCL Voktilts plus fmoa analysis 

willbepiaaddirectIyiatothefequiredcontsiaers. Remaiaia g portiws of tbenmple will be hoalogakcd aud 

distributed to the qmprkte coat&em. A stainless steel trowel will be used (0 place the ssmple into the required 

wtNailms. Any remaking suaple uWerial will be placed urd retaiaed in 8a 84xmcc jar as a lithologic punpie, 

a~ will those split-spooa samples sot subtitted for chemical aaalysis. Drilliag md suapling will be perfort ia 

acxor&ncc with HUBURTON NUS SOPs GH-1.3 aad GH-1.5 (Appeadix A). Decontamktioa of driliiag and 

sampiiig equipmeat will be performed 8s describal ia Section 4.7. 

A wmplete log of esch boring will be msiataiaed by the field geologist. Appuuiix B contains aa example of the 

boring log form. At a minimum, the boring log will wataia the following information, when applicable, for each 

overburdca boring: 
*, L* 
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unified soil classifiution system (WCS) lnawial description and qmboi 

In addition, depths of change8 in lithology, sample moisture obeenntions, depth to anta, OVA =diags, drilling 

~~~dqrthofsrch~~eshouldbsincludsdollslrcb~log,~well~~yotber~t 

observrtionr. Sample hot&a cont&dng soil aunples coIlaM solely f&r lifhologicdaxiptioawill be numkxad 

axuea&ivelysta&ngwith!3-1. In~ti~~follawinsinformrtioarhllkrrscordsdar~lidof~rrmple 

jUS: 

Jobnumberandrmme 

Boring 8nd nmple number 

Depthin~ 

Blow wunts 

As an alternative to &taking samplea with hollow stem sugars, during the subcontractor pmcurwrept procerr, 

akxmtive sunpie wllection technique3 will be considered. One pota&l 8lteznative is the “direct puah” m&xi 

of obtaining samples. Under this IDI+& the samples = wllectcd by hydmukally driving l l-ituzh dkmeter 

pirton-typt~krtothstopof~~nnrpleinbnnl,thtpirtcarwithintherrmplerbralsllrrsdrsrdtbspipe 

dvancedthroughthet8rgotillteWl. ~lou~thclr~~thc~l~,arhich~~8wn-mctiveplutic 

orst8irdassteelUner. AAertbtbivc~is~hpmthtroil,thtii#rcm~tbe~wlumncmbe 

removed. 

-PurposeofW 8aa#ingistodetefm&ifgruundwaterhasbea ’ . Qdbyconstitueatsintbe 

siteura. AgroundwutrsrmplewUlbewiI~fiomtheexistingrypplywell~~site~thrce~~ 

samples will be wllcctal tiom the SuffouE County nnmitoring wells located to the cut of the site. New wells will . 

not be installed during this field invcatigation. 
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, IX, 
Thegrotmdwrter~lefromthenrpplywcdlwill&wU~fromthe~onthclinethtisclor#stto~pump 

andbcfoletheunea mwuntcranyrtorrget8nksorfiltrationqrpmtus. s8mpieswiubewuwtedbyfiiungtJle 

requitedsamplebottlcsdirectly&omthetap. Priort0obtabinggroundwatersamples,thelinesandweUswiUbe 

purged, Tltctapthatist0besampledwiUhe0penedtoitsmsximum fiow 8nd auowed to ml for approximately 

15 minutes. Field merruremmt of pH, kqkturc, and specific wnductauce will be takar as described in 

HALLIBURTON NUS SOP SF-l. 1 (Appendix A) during purging. The fieid lrlasummentswiubcwuectcdatthe 

beginniDgofpurging~~5minutcinterv~suntilthe~epuunetrrs stab&e. Stabiiw of the above 

parmctm is. d&d 8s Mow8: temperrtun +I- J’C, pH +/-0.2 units;SC +I- 5 percent. If these plruneters 

do not stabii after 15 minutes, the tap will be IUU for an additional 10 minti before sampling. Additional 

inf0imstionc0ncenling~ sampI@ is included in HALLIBURTON NUS SOP SA-1.1 (Appendix A). 

Agroundw~~lcwillbccollsctsdiiomasupplywslliootsd~thtrwthwsrtcorwroftbebuildmg~the 

ECM site (Pigure 4-Z). ‘be sample will be analyzed for ‘XL Volatilea, freat, TAL metals, and cyanide. 

Samples from the offbite monitoring WeUs will be wuected using a dediated stair&m steel bailer with dalicatal 
, c v .’ 

PQlY & ‘eropc. sampiingwiube oonductsdin~withHALUBURTONNUSSOPSA,-1.1. Priorto 

obtaining samples, water levels and the depth of the well will be memsumd. muetosixweuvohunawiubc 

purged. 

waste SanlDliQg 

If sludges are encountered during the s0il boring activities, up t0 two samples of the sludge will be wllected for 

full TCYrAL psmmcms plus fre0n. Ibue samples will be wllected as described for slkurfb roil sampiing. 

The identification of sludges will be de&rmkd in the field by the field gwlogist. properties distinguishing sludges 

from aatural soils include differences iu particle size, moistute content, cohesion, wlor, and oil wntent fr0m the 

natural soils. Materiab which csn be confidently identified in the field as umstru&on debris such as asphalt, 

concrete, and wood will not be sampled. 

4.33 Site 10 - Ce FIcd Areas 

4.3.3.1 Site Background 

Thm are approximstely 22 cesspool/leach field areas at the NWIRP Calverton. The primary functbn of the iamb 

fields is to treat sanitary wastea and to dispose of residual water. Many of these fkiities are linked only to rest 

rooms and as a result. there is a vety low potential that industrial type chemicals may have entered the environment 

44 



4333 FIcd A&itia 

‘Ibe field imstigetion will comist of the following tuksz 

a =wNnny 
l S-SOiiborings8lld- soil sampling 

0 Growdwatersampling 

0 w8stc mnpiing 

Soil ges samples will be wllected and enalymd for field lltmalhg pwposa and soil samples will be wllected in 

accordance with NEESA methodology for XL Voletiles plus f&an, and TAL metals and cyanide. waste empies, 

if eaUMBte& will be eBa&Zd for Tn voi8tileorgenics, semivoktile organic& PCB/pesticides, TAL metals, and 

cyanide. A list of umlytea, atlytical methods, cmmct mptired quantitntioa liito, UMGIHZ, pmemthe~, WKI 

holding times is pmvidal on Table 3-l. 

A concurmat two-phase field inveetigatioo is planned at this facility. Pbasc 1 is a soil gas sumey and Phase 2 is 

a soil sampliig imestigaticm. The soil gas survey will be used to ideatify potential areas of soil and groundwater 

contaminetioo am&ted witb sektal fkcility ccsspools.kacb fields. The soil g8s eamples will be enalyoed at an 

onsite mobile field gas chromrtoOnph Momtory a&or depending on capacity, et the subcontractors facility. Each 

of the samples will be analyzed on a quick turn around basis (1 to 3 days). ‘Ibe decision to sample soils at specific 

sites and the location of any soil boriags at aespaolkach field meas will be basal on the soil gas results, with 

srmpi~gp~forlocrtionrwithtbehi~soilIps~ons. TllenumdphueconoistsofsubmI* 

soil sampliig. 
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Contaminant specific soil gas surveys will be umducW at those wsspool/luch field sites identified by an initial 

evaluation of cesspool locationsand buildiugactivitiesas a potential source of coutamimuion. Seveml cesspool/leach 

fi~duersweneiiminatedfromfurtherccmsidarrtionwithoutinymvimnmenerltesting~tben~alow 

potential for industrial-type solveut or metal coutamiuau la to be pramt. ‘Ihe quantitative resulta of the soil gas 

surveys will be usal to identify areas of poteutial subs&&e roil ad/or grwndwrur wntamktion, and as a basis 

for selectian subs&k soil boring locatious. Table 4-3 and Tabje e4 present a summary of the initial 

caspool/iach field evaluatiou aud summa&s thepmporsd#U~~boriqgprognmforthe#sarpooYl~field 

sites. Figure l-3 preauSs the locations of buildings with amo&ted cesspooWkacb fiakls to be investigated duriug 

soil gas sunfey activitica. 

Both sampling grids and discrete sampiiug locations will be used to provide suitabie coverage of the ama of 

suspected~~oa~achsite. IllM18containingswd~ls(grrrterth8nfour),arcctan~ 

satnpliuggridwiUbesetupovertheattireama. GridspaciugwiUvaryaccoSngtotheoveraUsizeofeachsite 

and the number of -1s at each site. Grid spacing will be adjusted in the field to place approximately 1 to 2 

samphg points djacent to ucb cesspool. At sites coutaining a single or a amall number of cesspools (less thsn 

four), two soil gas sampling points per cesspool with a minimum of three soil gas sampiiug locations per site is 

pmposed. Soil gas sampling poiuts will bc located within 5 to 10 &et of knowu cesspool edges. ho addition, one 

soil gas sample will be wllected in an area beiieved to be f&e of conkmiuation to serve as a backgmund sample. 

Each potential sampliig location will be markal with a surveyor’s pin flag. Gmundwatcr is e&mated1 to lie between 

appmximately 5 and 20 feet below ground sub (bgs) at the NWIRP, Calverton. Soil gas samplea will be 

collected by driviag a steel sampling probe appmximately 3 to 6 feet into the ground. The drive point on the probe 

is slotted to allow soil gas to flow thmugh the sampliig probe. The sampliug pmbe will be evacuated with sample 

prior to wllection the soil gas samplc. ‘Zberoil~~ewillbtwllscbd~~~~~~e~froma 

dedicated inert sampiiig tube that wnuects the steel probe to a pump. T&e samples will be anaiyzed onsite usiug 

a portable gas chromatograph (CC). Decontamination of steel satnpliig equipment will be performed as described 

in Section 4.7. 
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TABLE03 

slTEle-c2EswooLtLEAcEFIEu)-FIEIl)A(=TIvTIIps 
RCRAFACZUTIES ~slTEvlslT 

NWIRP, cAcvERToN, NY 

SitclO- 
C-P-W 
la& Fmlda 

I 
sukurfrced~-upto 

I 
TCL volatile organica, ffeon, 

borings-2 rubsurfrctnoil TALlW8lS,UldcpltidC 
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TABLE44 

CXSiQOLfIJ%ACEFlELD-GAND 
SO& GAS AND SOIL BORING QUANTlTY ESTIMA- 

NWIRP CAWERTON, NEW YORK 

s;” - Sqaic Tank Tile Field 
- Wells arc rqmrted to be presaa 8t these locations. 
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t-1.2~pcE 

Trichloroetbeoe 0 

l.l,l trichlm (‘TCA) 

chioroform 

Toluene 

Me#hyieae chloride 

1,ldichl~ @CA) 

Tetrachl~(pcE) 

1,1,2-TCA 

chfbontctfmbiofide 

Total (m-, p. ~4 0-e) xyl== 

Fxuon-113 

. . . . ~ubsu~ sol1 Bob subsurfice Sol1 sqgg&gg 

idwtified by a soil gas attrvey as a potahi source of coat&nation (see T&e 4-3 md Fim l-3). S~brurfrct 

soil samplea collected at ceqool/lach field sites will be analyzui fw ‘ICL Volatilea, hum, TAL meals and 

cyanide. AtiargeccqooUleachficldsites(grutcrtbaafourwrrpools),uptofour -soiiboringswiii 

bedri~ad,~on~resultooftheroilcpenuvcys. TheaoilboriagswillbeiocatednearthehighestmGlgaa 

volatile OrgaDiC -observed., kr~tion,IttwOOftheritcrW~davritsdroilIprrerdkrgs~not 

found,~~roilrunpia~libe~~~to~therbseoceof~~~. Table44rummuizes 

thepmpoaedsoilborimgprogramfortbeceapoolJlmchfieldsites. Soilbo&gmmbenwillbeassigaedinthefieId 

chronoiogiaiiy begidng with cL4Bm 

. 
Test borings will be drilled and submfam soilamniesWillbeWllectcd~~~ri~toddefimineth:prs&nce 

or 8bsence of subsu* soil contaah8tioll. Borings will be advalxcd to the water t8ble (estimrtcd depth of 5 to 

20 feet bgs). Drilliig operaions for soil boriqp will be ccmductuI us& tbc hollow-stem auger method. During 

drilling operations of ovehrdea matehal, Stuuhd Peueatiw’Tests and split-spoon ampling will be pc&mcd 

continuously in all soil borings. All split-spoon samples will be scremed with m Orgmic Vapor Anrlyoer (OVA) 

aad visually inspected for lithologic dacriptioa. Borings will be b&fillcd to the surface upon completion with 

cuncnt/bentonite grout. Based on the OVA mewtwL#lts of the! soil, cuttings will be c4SmkkJ in 55-g4h 
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in addition to soil sunpies, sludge-mmples (ken-~ may be collectul as dacribed under the Waste Sampling 

section below. 

Samples for analysis will be collected by splitting the soil sample opm 1ongitudiDsily and extractiug soil fbn the 

entire length of the interior of the sample. Portions of the sample submitted for TCL Volatilea plus fkon analysis 

will be placed dkctly in to the required containers. Remaining portions of the sample will be hanogabd aud 

distributed to the appropriate contakrs. A stainless steel tmwei will be used to place the sample into tbe required 

containers. Any IEminin g nmple m8tuhl will be pieced md fehinai in 8n g-ounce ju 8s a lithologic sunpie, 

as will those split-spoon smples not submitted for cbemhl analysis. Dfilliig 8nd smpliig will bs pmfomed in 

acwrdsnce withHAUJBURT’ON NUS SOPS GH-1.3 md G&l.5 (Appadix A). Deeontuuimtiouof dtilhgmd 

snmpliug equip-t will be performed as described in Scctiou 4.7. 

A complete log of each boring will be akntained by the field geologist. Appendix B contaius an exampie of the 

boring log form. At 8 minimum, the bohg log will contain the following informtim, whm appiicabie, for each 

overburden boring: 
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Stnple recoWy/&e intetvd 

soiidawityorcoiK8i~ 

soiicoior 

unified soil ciadiatim t$ysmn (usc!s) nmterid deauiption 8nd symbol 

Jobnumberandnune 

BoringMdnmpiemlmber 

me 

Depthintmnl 

Blow counts 

As an dternative to obtdning samples with hollow stem kgers, during the nrbcontrrrcto r procure-t proass, 

hrnative ssmpie collection techniques will be considered. One potential ahnative is the “direct push” method 

of obtaining samples. Under this method, the suuplea are collected by hydrutiicdly driving a l-inch diameter 

piston-type sampkr to the top of the desired sunpie inte~ai; the pistoo within the sampler is relused aad the pipe 

advanced through the Wget interv8l. The soil core thee enters the sampler, which contains a non-reactive plastic 

orstahlessstccllhcr. Aftertbedrivemdisr#novsdfromthe~oil,theliwrconuiningtbewil~lunmcurbe 

removed. 

Thepurposeof~~sunplmgistodetmnineifgroundw~~hrsbkocontlminrtedbyconstitueouinthe 

site area. A groundwater aample will be collected from tbe existing supply well at this site. New wells will not 

be ins&lied during this fidd investigation. 

‘he groundwater sample will be collected ~TWII the tap on the lme that is closest to the pump and before the lines 

encounter any storage tanka or filtration qpamtus. Samples will be collected by filliig the required sample botties 

directly from the tap. Prior to obthiug w samples, the her and wells will be purged. The tap that is 

to be aunpled will be opated to its maximum flow and allowed to run for approximately 15 minutes. Field 
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- of pH, umparhnt, and apefzific conductrnctwillbetaka~asdeacribadinHALLlWJRTONNUS 

SOP SF-l.1 (&p&ix A) during purging. ‘Ibe fidd mWummaltswillbecolhc&datthebeghiugofpurging 

Mdat5minuteintefvdsuntiitheabove~ st8bii. Sfabiioooftheabovepa8meWsisdefinedas 

follows: temptnhrrs +/- IT, pH +/- 0.2 units, SC +/- 5 pefcalt. If thae pvrmetas donotrtabilizeafter 15 

minutes, the tap will be run for M additional 10 milmtes before sampling. Additional information concehng 

groundwater sampling is included in HALLIBURTON NUS SOP SA-1.1 (Appendix A). 

A sample will be colhted from the supply well at Building 0743T (Figure l-3). The sample will be analyd for 

TCL Volatiles, hon. TAL met&, and cyanide. 

r- 

_i, ,- . . 

If sludges are encountered during the soil boring activities, up to two samplea of the sludge will be collected for 

full TCIJTAL puunetffa plus freon. . 
@ntae samples will be couectcd ” described under subsuh% soil sampling. 

The idmtificatiw of sludges will be determined in the field by the field geologist. properties distiuguishing siudges 

from uatural soils include differu~cea iu particle sipe, moisture contut& cohesion, color, and oil urnteat from tbe 

oaturai soils. Materids which au be confidently identified in the fidd as cons&u&on d&is such as asphalt, 

concrete, and wood will not be sampled. 

4.3.4 Backmound Soil Samolcs 

Six background soil samples will be collected at six sepamte iocatious throughout the NWIRP (one at each location). 

The locations will be selected iu the ama 8way from know0 or suspected activities. Tlmc samples will be collected 

withahandaugeratadeptbof6to12inchesbgsandanalyzdforTALmetals. Thetitsoftestingwillbeused 

to statistically develop sit+spozific background soil concentration action levels for TAL &. Background soil 

ssmpies will be numbered BG-SBl2 through BG-SB17. 

4.4 SAMPLE IDENTIFICATION SY!?l’EM 

Each sample collected will be assigned a uoique sample tracking number. The sample tracking number will consist 

of a four-segment, alpha-numeric code tbat ideotifies the site (plus buildmg number), sampie medium and iocation, 

and sample depth (in the case of soil and sediment samples). QA sample dcsignatious will be blind relative to 

sample duplicates. 
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CZhUWWTypt: 

A=Aipba 

NoNumeric 

Site name: 

ECM = Elecwmic Cuunter Msyurss (no building #lo 

CP = coaiFiie(nobuiiding#s) 

CL = Cesspool Field (plus 4digit building number) 

BG =Backgromld 

Medium: 

GW=- 

SB=Subsurfoc+Soilfmmaoilboring 

WS = Wute fbm cod pile 

SW=S~wuer 

SD = Saii-t 

Sunpie LaaUioa: 

!5ubahe soil = roil boring number (i.e. 01.02, 03...) 

Surface water or !kdinwot = sample location number 

Groundw8ter - wdi number 
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Sunpie Idattificc 

For roil and yvlinmt samples = startdep&iofbet, ofnmple. 

Notumdfhr grrwmdwrter or suace watedsedimwt umplcs. 

QA Sample Dcsigaation: 

. . 
DU = Duplicate 

RB = EquipmatRinsatcBlank 

FB = Fidd Blank 

. . TB = TripBlank 

f’ 

I 

QA sampbs will be numbered wqwmtially shrug with 01. Matrix Spiie and Matrix Spiie 

Dtipiiute (Ms/MSD) samples will be designated on the fidd documentation forms and sample 

l&IS. 

. * 
* 

For example, a nhurhcc soil sample and.its duplicate (with the duplicate being the third obtained during the 

ECM-SBO4-10.0, and 
, ,‘SL. 

DU-03 

4.5 SAMPLING EQUIPMENT AND PROTOCOLS 

The sampling equipmeat snd protocols to bs used are presented io Appaadii A and are HALUBURTON NUS 

standard openting Eboceduros. 

4.6 SAMIUHANDLING 

Sample handling includes the field-related considerations regardiig tbe selection of sample cootainers, preservatives, 

allowable holding tioscs ad analyses requested. Table 3-l summaril;ts the sample hndliig considnrtions for this 

field investigation. The EPA User’s Guide to the Contract hbomtory Program (EPA, December 1.988). and the 

Federal Register (EPA, October 26,X84) address the topics of contaheas and sample preservations. 
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. . . 
4.6.1 v 

sunpiawiiibepwk8gai8nddsipped in acwdmce with HALUBURTON NUS SOP SA-6.2 (Appcadh A). Ibe 

FOL will be reqxmsible fbr completiou of the followiag fonms: 

0 Clmin-of~Forms 

0 Appmpae iabds applied to shippiog cooiem 

0 czh8inGf~Wl.s 

0 FsdtnjEXplWAkBii 

4.6.2 samde 

~0f~~murtbemrintrinsd~doctlmarQd~rlltimor.,Chin-of-c\ldodybeginrwith~collsctioo 

of the samples in the field. Section 5.3 of HALUBUR TON NUS SOP SA& 1 (Appendix A) provides a demiption 

of the cbain~fastody procedurea to be f8lowed. A sample chin-of-astody fbrm is attachd in Appendh B. 

4.7 EQUIPMENT DECONTAMINATION 

llw quipmeat involved iu field sampling activities will be deconthnated prior to aud during drilling aud sampliug 

activities. ‘his equipmmt includes soil gas probes, drilling rigs, downhole tools, augers, well casing and m, 

and di sampiiog equipmalt. 

Ail dowoho~e driiiing or soil gas equipwJt ands8mpiing tools &ail be steam cimned prior to begbming work. 

betweca well btuings, any time the drilling rig ie8ves the site prior to completing 8 boring, 8od at the completion 

of the drillmg program. 

W dsoontrminrtion operations will amsist of w8shiag the equipment usiag 8 ltigh-pmsarc staun w8sh. AU 

~~~~vitiawill~p~~~iocrti~~~d~g~~. Itbmw&ef&i)ity 

will provide a suitable location for decontamhutiou operations along with potable water atxi electricity. Additional 

requirements for drilling equipment deconamination can be found in HALLIBURTON NUS SOP SA-7.1: Section 

5 (Appendix A). 
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0 Potable w8ter rinse 

0 Aicooox or liquinox de&-gent wash 

l Potsbie war rinse 

0 Nitric acid rims (for TAL met& samples only) 

0 !%esmdbtilkdwaterrinsc(forTALmstalmmplescmly) 

0 Metbsnolrinse 

0 stamdistiiiedwaterriose 

Field snaiytical equip-t such as pH, conductivity and v ‘instmmmt p&es will be xinssd first with 

stam distilled water, thea with the sample liquid. 

4.8 RESIDUE MANAGEMENT 
~. c-y 

Four types of potentially coataubtcd residues are expected to be generated during this field investigation, mutely 

Personal Pmtection Equipmmt (PPE), drill rig dccuntaminatiou fluids, ssmpling equipment daxmtamimtion fluids, 

and auger soil cuttings. Bssal on tits activities and types of contaminsats prcsc&, none of the residues arc 

expected to repretmt 8 signifiamt risk to bumm health or the cm ironomt if properly mumged. Pimned 

msnagement of ucb of these residues is provided below. 

Drill Rin Decontamination Fluids - Drill rig demmmimtion fluids will be containerized in 55-gallon drums st the 

fire training ares. Pending the results of the RFA-SV testing, &se deumbmbation fluids will be dii to 

the onsite wrotewater tfcatumt plsat. 

. . B EmiD- e Fhids - Equipment decootaahtiw fluids will be cootaineriizcd and handled 

with the drill rig dccootaminstion fluids. 
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5.0 DOCUMENTATION AND -F CUSI’ODY 

Ssmpie custody pmesd\ass 8le d0Sigd to provide Mt8tiOtl Ofpnpurtion, bdiiDg, stmage, and Sbippimg 

of all sampka colkcted. An example of the chaia-of-aatody form, which will be usai during this investigation, 

is included in Appa& B. 

c,... 

samples coliectcd durhg the site investigxtiou will be the mbility qf id&ified persous from the time they are 

coilccted until they, or their derived data, ale incqwmd into the fioai lqmrt. stlingsot clulin-of-custody 

procedures will be foiiowui to document sample posse&on. 

0 Ssmple logs or other records will always be sigued md dated. 

” ‘-_ 
0 Chain-ofcustody sample forms will be completed to the hllest extent possible prior to nmpie 

shipment. They will include the following iuform8tion: project nsme, aample number, time 

collected, source of sample and location, description of sample locatiou, matrix, type of sample, 

grab or composite designstion, preavxtive, number snd size of bottle, anslysis. aud usme of 

IWlDpk. 

These fozmq will be fikd out in a legible mumer, using w&rproof ink, snd will be signed by 

the sunpkr. Siiiq infornmtioa will be provided on the saatpie label which will be sandy 

8tt8chal to the sunpie bottle. The Mel will 8lso include the geaeral8~Jyscs to be conductai. 

In sddition, sampling forms will be used to document coUection, fiitrstion, md prepsration 

procedures. Copies of xl1 field documeatxtion forms UC provided in Appendix B. 
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0 sampiuwiiiaiwaysbeacwmpno ‘ed by a chain-ofulstody lccoxd. wb tmlsfening sanpies, 

tbeindividurrlr~gmdisai~gthemwillli~,~,cmdwtetbetimeofthechinof- 

custodymad. msrscond Qocummothesanplecustadytmnsfcrfbmthes8mplcrtotbc 

iabomWg,oftwthmmghanathcrpersooargary(comonm~). Upoauh8latthe 

l~,intcrorl8srnplccustodyprocsdmaswiUbcfollowed. 

a Ail 8hipmcatta will be acuampauied by the chsin-ofuastody record identifying the coateats. The 

origindrecordwiii ~ytherhipmmt;md~~willkrsbiwdbythefieidrrmpler. 

l PlaperdocuaKat8tionwiilbe~forshipmaltsbycommonurrier. 

The following procedures will be follows when shipping s8mples for bontozy analysis: , 

0 Samples rsquiring’refrigemtion will be promptly chilled with ice or Blue Ice to a tempenhlre of 

4’C8ndwillbcpahgediuaainsuhedcoolerfortrcmoporttotlle~. 1cewu1bcscaled 

incolt~topmalti~ofwatcr. ssmplcswillaotbefnWm. 

0 Only shipping containers that meet ail applicable state and Federal stuhnis for safe shipment will 

beused. 

l shipping coat&us will be se&d with nylon stnpping tape, custody seals will be sigoed, dated, 

Mdaffixed,inamMner that will Llow the receiver to quickly identify sny tampehg that m8y 

iuveoccunulduringtuMporttotbelabontory. 
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0 SAliTt Will be It&C by Overnight COIllie. AAer runplap h8ve b&11 takea, t&ey must be sat 

totheiabmoTywitilin24iloufs. 

5.4 
. . . . . 

Pdd -tatam R=mdais 

t- 

It wiU be the mspoasibiity of t&c FOL to secure sll documca ts pmduced in the field (geologist’s daily logs, 

iithoiogic snd sampling logs, communications) at the cmd of each work day. 
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6.0 CALIBRATIONFROCEDURJB 

.- 

Field equipment such as the portable gas duomtograpb (GC), the Grgaaic Volatile Aualyzer (OVA), the pH and 

specific conductance meters, and any geophysical equipmat used during this project will be calibrated sod operated 

in atxodance with the man-s inskctions and mauuals. A log will be kept documenting the calibration 

results for each field instmxmt. ‘ihe log will Wude the date, stmdmds, pemomel, aud results of the calibration. 

L;, cdibration procedras for labmmy equipBleat used in the aluly$ia of atv’ lnmolwtai samples WEU be pehnned 

in aczo&oce with CLP requirements. 

./- 

. 
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7.0 SAMPLE HtEPARATION AND ANALYTICAL PROCEDURES 

Environmcatal mmplem collected during the field immtig8tion for chunial analyses will be mwlyzed using the 

appropriate analytical procdum as outlhai in Table 3-l of this work plan. The rnethds are nsfcrencod to the 

appmprhte CLP, EPA, or other guidance. 
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8.0 DATAREDUCi'ION,VALIDATION,ANDREFORTlNG 

‘L .: 

Data validstion consists of a rtringmt review of an aaslytial chemical data pack8ge with fcapect tlD sampie mccipt 

uld hading, m8wc.d mtttrods, data repMing and deliverables, and document umtrol. me quality of data 

gcoerrrtedbya~ircxtrsmtiyimporrmt;itis~~putoftbt~~on~drbouldbtclaulytied 

to the project goals. Data umd to develop qualitative bmds, for exuttple, will not have the same data validation 

Expimtmts 8s dat8 used for litigatioJlpWposes. 

AquriifisclHALUBURTONNUScheslridwill~urtetherarlyticrl.~~~~EPAproc~~.e. the 

National Functional Guidelines for Evaluating Analytical Data). After the data is &dated, a listing of aon- 

conformitieswillbegmenrtcdmduaadtodderminewhetlccrtht~anbeutilinAfotit8initardedpurpore 

(Bt, atforcematt, litigation). Non-whmitia yield data quaiificxs, which are wiul to alert the data user 

to inaccurate or imprecise data. For exam~~le, if the calibmtion criteria are not met, the data reviewer must quali@ 

all affected positive results as estimated and all affected sample quantitation iimits as directed in the National 

Functional Guidelines (NFGs). For situations in which there are several quality control criteria out of specification 

with regard to method-specific quality control criteria, the quality contml criteria outlined in the NFGs md/or the 
. quaIity control criteria stipulated in the &&g and Che&&&&sis Qu&y Assurattcc Reclummtents for th c 

. 
Paw Installa~ Prom (20.2-047B; 6/88), the data validator may nuke professional judgnmnts 

and/or conunatts on the validity of the overall data package. in situations where the validity of an entire data 

package is in question, it nmy be namsuy for the sample(s) to be maoalyzed. As 8 compment of the data 

validation pmcess, the validatorwill generUe a technicnl memonndutn pmsmting changes in the * if aecwmy, 

and the rationale for making such changes. . 

The net result is a dsta package that has been ca&blly reviewed for its adhcfcnce to prcscrikd rcquinments and 

is suitable for its intakded use. Data validation thus plays a major role in detenkbg the confideme with which 

key technical evabmtions may be made. 
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l%elabomWyd8tafore&amplewillbompoftedinmappahdk ‘LhsredatawUlbepmdedinaqmaddmt 

fomatwithalltip,field,andriumblahmukal. Tbefomatmcomm&d byNEESAWillbCUSCd. 

FieldlogsandformswiUbeincludedinanotherappadix. Anotimappa&xwiiliacludemcthodblaakspike 

control chalts, aIlTo* retme&a, matrix spike and duplicate, field, and labomxy duplicates f’or all spike 

S8UlplC!S. 
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9.0 INTERNAL QUALITY CONI’ROL CHECKS 
,r a-k 

Quality control satmplc~ gamated by HALLlBUR’I’KIN NUS will it&de the collection of field duplicates, the 

prepam& of field blanks and &sate blanks, and the w of Momtoty-prcpmd trip blanks. An approximate 

1Opercentduplicrtion-oaeptr1Oamplasoronepersamplsmptrixiflessthaa1OsrmplesuecoUected(r#e 

Table 3-1) of soil, sediment, surhcc water/groundwater samples will be used to monitor tihe labontoty’s 

JdOrlllUXC. 

Trip blat&s (vowiles only) will be sbipped along with the mample bottks md will be malyzed cmmwrattly with 

the collected envirwmeo talmunpks. Thesetripb~willbecubmittsd~anteofoneprr~leshipmmtof 

ssmplts for TCL vohtile axmlysis. Riamtm, pmpued by running distilled w&r thmugb the suapliing equipmmt, 

will&rrylyrcdtodctermiaewbetherthe~~onproccdursan~ybtbiroingthe~. Ficldblankswill 

bepfcpm+tar8teofonepermumcperevent. 

docmted quality. The internal labmakty quality control pmcedtms for the malytical EC&W are specified in 

the CLP protocol and Table 3-l. These specifications include the types of control samples required (sample spikes, 

surrogate spikes, controls, and blanks), the fkequcncy of en& control, tbc cmtpounds to be used for sample spikes 

and surrogate spikes, and the quality coatrol acceptance criteria. It will be the biboratory’s mpot&iity to 

document, in each data package. that both initial and on-going instrument and analytical QC criteria are met. 

Analytical results of. field-collected quality control sampits will also be compmd to acceptance criteria, and 

documentation will be performed showing that criteria have been met. Any samples iu nonconfomuncz with the 

QC criteria will be identified and reanalyzed by the laboratory, as required. Tht following procaedum will be 

employed for the procchng of NwlRp C8lvetton aampks: 

0 Proper storage of samples. 

0 Use of qualified and/or certified techniciaus. 

0 Use of calibrutd equipmeat traceable to the CLP htocol. 

0 Formal indqmdent confirmation of all coo+ation and mhction of hboratory data and results. 
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l umof-tatpmca&m8. 
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10.0 PERIQRMANCE AND SYSI’EM AUDlTS 

System audits will be pe&nIIed on a semi~titlUoUs basis, as m, to assure that the work is beiig 

implemented in accohnce with the approved prc+t sops and in an overall satisfacmy msnner. 

0 

0 

System audits for the laboratory arc perfornml on a regular basis. 

A formal audit of the field sampling procedum~ may be conducted in addition to the auditing that 

is an inherent psrt of the daily project activities. If so comkted, the auditors will check tbat 

sample collection, sample ihandling, decontamination protocols, and ktnunakt calitmtion and use 

are in acudmce with tbe approved project SOPs. T&e auditors will also check that the field 

documentatioo logs at@ chain-of-custody forms are being fillal out properiy. 

Perforsnancc audits of hboratories participating in the CLP are performed quarterly in accordance with tbe 

procedures and frequencies estsblished by the CLP. 
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11.0 PREVENTATIVJ3 MAINTENANCE 

HALUBURTON NUS has established a program for the tamin- of field cquipmmt to ensure the availabiity 

of equipment in good working order whm and where it is needed. l%is program consists of the following elements: 

‘Ihe equipment msnager keeps an inveatoxy of the quiptncot in terms of items (model md serial 

number) quantity sad condition. Esch itum of equipment is signed out when in use, and its 

opemting~condition and clanlimss checked upon Wutn. 

‘RIO equipment manager mmducts routine checks oa the status of quipmatt and is ,mponsible for 

the stocking of spate parts and equip-t madimss. 

The FOL is reqxnudble for working with the equipumtt nmnagcr to make sure that the aquipmmtt 

is tested, cleaned, charged, and calibrated in atxodana with the msnufactum’s insmctions 

before being takeo to the job site. 

The laboratory follows a welldefined program to prevent the failure of Mxmto~~ cquipmatt and imtmuentation. 

This preventative progmn. includes the periodic inspection, lub&ation, cleaning, and rep1 acemutt afpartsofthe 

equipment. 
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12.0 DATA ASESMWT PROCEDURES 

~1 data generated in the investigation will be assess& for its mpmm&tiveness, accuracy, and precision. The 

completmessofthedttawill~sobe~bywDqwkrgthevrlid~&totheprojectobj~tivestosee 

that time objectives are being addnsscd and met. The qccific procedures used to cletemke data precision, 

accuracy, and coupletams wilI be provided in the snslytical reports. Accumcy will be determined Using Uomtoty 

spiked samples and labommy field blauks. 

anticipsted hydrogeologic or chemical conditions and acqted primSpIes. Field -ts will1 be clleckcd for 

completeness of procedures and documentation of pmcedum sod tm+s. 

Precision and accuracy will be de&mined using mplicate ssmples and blank and spiked samples, respctively. ‘Ihe 

specific procedures for determining PARCC pmnetcm am outlkd in sution 5.0. 

U-2 Validation 

One hundred percent of the analytical data packages will be validated. 

The evaluation of the data collected during the field investigation will be a coapmison of: &eulical COllWltUtiOllS 

,ingroundwater~~w~veisusARARs(ruchrstheSlrfe~W~ActM~~~tbeAmbimt 

Water Quality Criteria) and risk-based conceatrations: and chemical concmtutions in soils versus bmckground and 

risk-based concentrations. 

The groundwater and surf&e water evaluation will be bssed diqctiy on ~Cst&4iohsduDderF&IXlalIdrUe 

drinking water and suAce water standards for volatile organics attd metals. For soil and sediit rsmplu orgaaic 

msults, soy orgmics de&c@ will be coos&red potentially significaat. Contamimnts detected will only be 

discounted if very low levels are found (near the detection limit) and they are found infrapotly at the site; or if 

a higher concentration is found but tbst the concentration in combiio~~ with the toxicity of the chemical would 

not be considered a significsat risk to human health or the envi ronmau. For soil and saiimart sample imrganic 
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Actionbvel=1.64S*a+x, 

where: u -st8ndddevhtiom(withn-18unpia) 

t? = l/(ll - 1) * z(& - x$ 

x, =idividtmllmlue 

.x, =mmtlv8llle 

n =numbcrofump~a 
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l3.0 CORRECIWE ACTIONS 

c 

r 

The QA program will amble problems to be idattified, contmlled, attd comcted. Potential problems may involve 

nonconfomumce with the SOPS and/or analytical pmcedtms catablishui for the pmject or other unforescea 

difficulties. Any person idattifying an uucqtable condition will notify the proja3 manager., The project 

manager, with the asktame of the project QA/QC officer, will be mponsible for developing, and initiating 

appropriate comctive action and verifyiig tbat the corm&m action has been effective. Comctive actions may 

include the following: mampling and/or rwahysis of ample, anmding or adjusting project ~rocedurar. If 

wammted by tbe severity of tbe problem (for example, if a cluage in the approval work plan is mquiii), the Navy 

will be notified in writing and their approvd wiii be obtaind prior to implemahng any change. Additional work 

that is dependent on a nonconforming activity will not be perfom& until the problem has been eliminated. 
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14.0 QUALIFY ASSURANCERElWRTST0MANAGJMENT 

The QNQC advisor will review all aspects of the impiema1t8tim of the work pian on a regular basis md with the 

u8eofdcsigDatadNDportpcIwMel,wili~a~ report. Reviews will be perfond at the completion 

ofachfeldactivitymdrqmtswillbccomplctcd8ttidstime. ‘Ibe.scrcportswillinciudcanassmmcntof~ 

quality and the rcsuh Of system and/Or pa’f~rmiance audits. Any significant QA dcficiaks will Im reported and 

idmtified, and comctive actiOn p~ssibiiticsd.bcmmd. ‘Ibe hb~mkny will imue monthly progress reprts. Other 

QA/QCfqzortsafelistedin8ection8.0. 
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1.0 PURPOSE f 

The purpose of this procedure is to describe the methods and equipment necessary to perform soil 
and rode borings and identify the equipment, sequence of events, and appropriate methods 
necessary to obtain soil, both surfxc and subsurface, and rock samples during field sampling 
activities. 

20 SCOPE 

This guideline addresses most of the accepted and standard drilling techniques, their benefits, and 
drawbacks. lt should be used generally to determine what type of drilling techniques would be most 
successful depending on site-specific geologic conditions and the type of sampling required. 

The sampling methods described withmthis procedure are applicable while collecting surface and 
subsurface soil samples; obtaining rock core sampks for lithoiogic and .hydrogeologic evaluation; 
excavationlfoundation design and related civil engineering purposes. 

3.0 GLOSSARY 
4. 

Hand Auaer. A sampling device used to extract soil from the ground in a relatively undisturbed form. 

Thin-Walled Tube Samoler. .A thin-walled metal tube (also called Shelby tube) used to recover 
relatively undisturbed soil samples. These tubes are available in various sizes, ranging from 
2 to 5 inches 0-D. and 18to 54 inches long. A stationary piston device may be included in the sampler 
to reduce sampling disturbance and increase nmpierecowty. 

Sdit-Barrel Samder. A steel tube, split in half lengthwise, with the halves held together by threaded 
collars at either end of the tube. Also called a split-rpoon’sampier, this device can be driven into 
rcristant materials using a drive weight mounted in the drilling string, A standard split-spoon 
sampler (used for performing Standard Penetration Tests) is 2inches outside diameter (00) and 
l-MI inches inside diameter (ID). This standard spoon typically is available in ~0 common lengths, 
providing either 204nch or 26=ir~h longitudinal clearance for obtaining U-inch or 244nch-long 
samples, respectively. These split-spoon samplers range in size from 2-inch 0-D. to 3-l&inch O-D., 
depending upon manufacturer. The larger sizes an commonly used when a larger volume of 
material is required. 

Rock Corinq. A method in which a c&&us solid cylindrical sample of rock or compact rock-like soil 
is obtained by the use of a double t&e core barrel that is equipped with an appropriate diamond- 
studded drill bit which is advanced with a hydmuiic rotary drilling machine. 

Wire-Line Corinq. As an alternate for conventional coring, this is valuable in deep hole drilling, since 
this method eliminates trips in and out of the hole with the coring equipment With this technique 
the core barrel becomes an integral part of the drill rod string. The drill rod serves as both a coring 
device and casing. , 

4.0 RESPONSWJTIES 

rut Manwer. In consultation with the project geologist, respon$bie for waluating the drilling 
requirements for the site and specifying drilling techniques that will be successful given t)n study 
objectives and geologic conditiom at the site. He should also determine the disposal methods for 
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products generated by drilling, such as drill cuttings and well development water, as well as any 
specialized supplies or logistical suppon required for the drilling operations. 

Site Geolooin Rcroonsiblc for insuring that standard and approved drilling procedures are followed. 
The geologist will generate a detailed boring log for each test hole. This log shall include a 
description of materials, samples, method of sampling, blow counts, and other pertinent drilling and 
testing information that may be obtained during drilling (see Attachment A of Procedure GH-1.7). 
Often this porition for inspecting the drilling operations may be filled by other geotechnical 
personnel, such as soils and foundation engineers, civil engineers, etc. 

. Determination of the exact location for borings is the responsibility of the site geologist. The final 
location for drilling must be properly documented on the boring log. The general area in which the 
borings are to be located will be shown on a site map included in the Work Plan. 

Field Ooerations Leader. Responsible for overall supervision and scheduling of drilling activities. 

Drillino Subcontractor. Responsible for obtaining all’drilling permits and clearances, and supplying all 
services (including labor), equipment and material required to perform the drilling, testing, and well 
installation program, as well as maintenance and quality control of such required equipment except 
as stated in signed and approved subcontracts. 

The driller must report any major technical or analytical problems encountered in the field to the 
Field Operations Leader within 24 hours, and must provide advance written notification for any 
changes in field procedures describing and justifying such changes. No such changes shall be made 
unless requested and authorized in writing by the Field Operations Leader. 

The drilling subcontractor will be responsible for following decontamination procedlures specified in 
the Work Plan. Upon completion of the work, the Drilling Subcontractor will be responsible for 
demobilizing all equipment, cleaning up any materials deposited on site during drilling operations, 
and properly backfilling any open borings. 

5.0 PROCEDURES 
. 

5.1 GENERAL 

The purpose of drilling boreholes is: 

l To determine the type, thickness, and certain physical and chemical properties of the soil, 
water and rock strata which underlie the site. 

0 To install monitoring wells or piezometen. 

All drilling and sampling equipment will be cleaned using appropriate decontamination procedures 
(see Procedure SA-7.1) between samples and borings. Unless otherwise specified, it is generally 
advisable to drill borings at “clean” locations first, and at the most contaminated locations last, to 
reduce the risk of spreading contamination between locations. All borings must be logged by the rig 
geologist as they proceed (see Procedure GH-1.4). Situations where logging would not be required 
would include installation of multiple well points within a small area, or a “second attempt” boring 
adjacent to a boring that could not be continued through resistant material. In the latter case, the 
boring log can be resumed Sfeet above the depth at which the initial boring was abandoned, 



SOIL AND ROCK DRllJJNG AND 
SAMPLING METHODS 

although the rig geologist should still confirm that the stratigraphy at the redrilled location conforms 
essentially with that encountered at the original location. If significant differences are seen, each 
hole should be logged separately. 

5.2 DRlUJNGMEI’HODS 

The selected drilling methods described below apply to drill& in subsurface materials, including, but 
not limited to, sand, gravel, day, silt, cobbles, boulders, rock and man-made fill. Drilling methods 
should be selected after studying the site geology and terrain, purpose of drilling, waste conditions at 
the site, and the overall subsurface investigation program proposed for the site. The full range of 
different drilling methods applicable to the proposed program should be identified with final 
selection based on relative cost, availability, time constraints, and how well each method meets the 
sampling and testing requirements of the individual drilling program. 

S2al Continuous-Fliaht Hollow-Stem Auoer’Driiiing 

This method of drilling consists of screwing augers with a hollow stem into the ground. Cuttings are 
brought to the surface by the rotating action of the auger.. This method is relatively quick and 
inexpensive. Advantagaofthistype of drilling include: 

. l Samples can be obtained without pulling the au- out of the hole. However, this is a 
poor method for obtaining grab samples from thin, discrete formations because of mixing 
of soils which occurs as the material is brought to the surface. Sampling of such formations 
will require the use of split-barrel or thin-waR tube samplers advanced through the hollow 
core of the auger. 

l No drilling fluidran required. 

. 
l A well can be installed inside the auger stem and backfilled as the augers are withdrawn. 

Disadvantages and limitationsof this method of drilling indude: 

l Augering can only be done in unconsolidated materials. . 

l The inside diameter of hollow stem augers used for well installation should be at least 
4inches greater than the well casing. Use of such largediameter hollow-stem augers is 
more expensive than the use of smalldiameter augers in boreholes not used for well 
installation. Futiermore, the density of unconsolidated materials and depths become 
more of a limiting factor. More friction is produced with the jarger diameter auger and 
subsequently greater torque is needed to advance the boring. 

l The maximum effective depth for drilling ii 15Ofeet or less, depending on site conditions 
and the size of augers used. . 

l In augering through dean sand formations below the water table, the sand will tend to 
flow into the hollow stem when the plug is removed for soil sampling or well imtallation. 
If the condition of “running” or ‘flowing’ sands is persistent at a site, an alternative 
method of drilling ‘is recommended, in particular for wells or boreholes deeper than 
25 feet Hollow+tem auger drilling is the preferred method of drilling. Most alternative 
methods require the introduction of water or mud downhde (air rotary is the exception) 
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to maintain the open borehole. Wii these other methods great care must be taken to 
ensure that the method does not interfere with the collection of a representative sample 
which is the object of the construction. With this in mind, the preferred order of choice of 
drilling method after hollow-stem augering (HSA) is: 

- CaMetool 
- Casing drive (air) 
- Airrotary 
- Mud rotary 
- Drive and wash 
- Jetting 

However, the use of any method will also depend on efficiency and cost effectiveness. In many cases, 
mud ro~ry is the only feasible alternative to hollow-stem augering. Thus, mud rotary drilling is 
gcmnllya~e~ble~ar~~for HSA. 

The procedures for sampling soils through holes drilled by hollow-stem auger shall conform with the 
applicable ASTM Standards: 01587-93 and 0159644. The hollow-stem auger may :be advanced by 
any power-operated drilling machine having sufficient torque and ram rarge to rotate and force the 
auger to the desired depth. The machine must, however, be quipped with the accessory equipment . 
needed to perform required sampling, or rock coring. 

When taking soil samples for chemical analysis, the hollmm l u9er shall be plugged until the 
desired sampling depth is reached. Samples can be taken using split-n or thin-wall tube samplers 
driven into the formation in advance of the rugat (see Procedure GH-1.3). lf the sampile is to be taken 
at a relatively deep point, the auger may be advanced without a plug to within 5 feet of the sample 
depth. Then clean out the auger stem, insert a plug and continue to the sampling depth. The plug is 
then removed and samples taken as specified by the rig geologist, Samples should be taken 
according to the specifications of the sampling plan. Any required sampling shall be performed by 
rotation, pressing, or driving in accordance with the standard or approved method governing use of 
the particular sampling tool. The sequence shall be repeated for each sample desired. 

The hollow-stem auger may be used without the plug when boring for.geotechnical examination or 
for well installation. 

When drilling below the water table, specially designed plugs which allow passage of formation 
water but not solid material shall be used (see Reference 1 of this guideline). This method also 
prevents blow back and plugging of the auger when the plug is removed for sampling. 

Alternately, it may be necessary to keep the hollow stem full of water, at least to t.he level of the 
water table, to prevent blowback and plugging of the auger. lf water is added to the Ihole, it must be 
sampled and analyzed to determine if it is free from contaminants prior to use. In addition, the 
amount of water introduced, the amount recovered upon attainment of depth, and the amount of 
water extracted during well development must be carefully logged in order to ensure that a 
representative sample of the formation water can be obtained. Well development should occur as 
soon after well completion as practicable (see GH-1.7 for Well Developmem Procedures). If gravelly 
or hard material is encountered which prevents advancing the auger to the desired depth, augering 
should be halted and either driven casing or hydraulic rotary methods should be attempted. If the 
depth to the bedroclusoil interface and bedrock liido9y must be determined, then a S-foot 
confirmatory core run should be conducted (see Section 5.2.9). 
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At the option of the Field Operations Leader, when resistant materials prevent the advancement of 
the auger, a new boring can be attempted. The original boring must be properly backfilled and the 
new boring started a short distance away at a location determined by the site geologih If multiple 
water bearing strata were encountered, the originsl boring must be grouted. In some formations it 
may be prudent to also grout borings which only penetrate the water table aquifer, since loose soil 
backfill in the boring would still provide a preferred pathway for surface liquids to reach the water 
table. 

5.2.2 Continuous-flioht Solid-Stem Awer Driilinq 

This method is similar to hollow&em augering. Practical application .of this method is severely 
restricted as compared with hollow-stem augers. Split-barrel (split-spoon) sampling cannot be done 
without pulling the augers which may allow the hole to collapse. The method is therefore very time 
consuming and is not cost effective. Also, augers would have to be withdrawn before installing a 
monitoring well, which again, may allow the hole to collapse. Furthermore, geologic logging by 
examining the soils brought to the surface is unreliable as in the case of the hollow-stem auger, and 
depth to water may be difficult to determine while drilling.. 

There would be very few situations where use of a solid stem auger would be preferable to other 
drilling methods. The only practical applications of this method would be to drill boreholes for well 
insWation where no lithologic information is desired and the soils are such that the borehole can be 
expected to remain open after the augers are withdrawn. Alternatively, the technique can be used to 
find depth to bedrock in an area when no other information is required from drilling. 

5.2.3 Rotaw Drillinq 

Direct rotary drilling indudes air rotary and fluid rotary drilling. Air rotary drilling is a method of 
drilling where the drill rig simultaneously turns and exerts a downward pressure on the drilling rods 
and bit while circulating compressed air down the inside of the drill rods, around the bit, and out the 
annulus of the borehole. Air circulation serves to both cool the bit and remove the cuttings from the 
borehole. Advantages of this method indude: 

. 

l The drilling rate is high (even in rock). 
l The cost per foot of drilling is rektiveiy low. 
0 Air rotary rigs are common in most - 
l No drilling fluid is requind (except when water is injected to keep down dust). 
l The boreholediameter is large, to allow room for proper well installation procedures. 

. 
Disadvantagesto using this method indude: 

l Formations must be logged from the cuttings that are blown to the surface and thus the 
depths of materials logged are approximate. 

l Air blown into the formation during drilling may ‘bind’ the formation and impede well 
development and natural groundwat&Jow. 

l In-situ samples cannot be taken, unless the hole is cased. . 
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l Casing must generally be used in unconsolidated materials. 

l Air rotary drill rigs are large and heavy. 

A variation of the typical air-rotary drill bii is a down hole hammer which hammers the drill bit down 
as it drills. This makes drilling in hard rock faster. Air rotary drills can also be adapted to use for rock 
coring although they are generally stower than other types of core drills. A major application of the 
air-rotary drilling method would be to drill holes in rock for well installation. 

Fluid-Rotary drilling operates in a, similar manner to air rotary drilling except that a drilling fluid 
(“mud”) or clean water is used in place of air to cool the drill bii and remove cuttings. There are a 
variety of fluids that can be used with this drilling method, including kntonite slurry and synthetic 
slurries. lf a drilling fluid other than water/cuttings is used, it must be a natural clay (i.e., bentonite) 
and a “background” sample-of the fluid should be taken for l naly$is of possible organic or inorganic 
contrminants. 

Advantages to the fluid-rot& drilling method include: 

l Theabilitytodrill in manytypesofformations. 

l Relatively quick and inexpensive. 

l Split-barrel (split-spoon) or thin-wall tube samples can be obtained without removing drill 
rods if the appropriate size drill rods and bits (i.e., fishtail or drag bit) are used. 

l In some borings temporary casing may not.be needed as the drilling fluids may keep the 
borehole open. 

l Drill rigs are readily available in most areas. 

Disadvantages to this method include: 

l Formation logging is not as accurate as with hollow-stem auger method if split-barrel 
(split-spoon) samples are not taken (i.e., the depths of materials logged from cuttings 
delivered to the surface are approximate). 

l Drilling fluids reduce permeability of the formation adjacent to the boring to some degree, 
and require more extensive well development then “dry” techniques (augering, air-rotary). 

l No information on depth to water is obtainable while drilling. 

l Fluids are needed for drilling, and there is some question about the effects of the drilling 
fluids on water samples obtained. For this reason as well, extensive well development may 
be required. 

l In very porous materials (i.e., rubble fill, boulders, coarse gravel) drilling1 fluids may be 
continuously lost into the formation. This will require either constant replenishment of the 
drilling fluid, or the use of casing through this formation. 

D-33490-1 IRl 
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l Drill rigs are large and heavy, and must be supported with suppiid water. 

l Groundwater samplesun be potentially diluted with drilling fluid. 

The procedures for performing direct rotary soil investigations and sampling shall conform with the 
applicable ASlM standards: D2113-83,Dl S87-83, and 01 SR6-84. 

For air or fluid rotary drilling, the rotary drill may be advanced to the desired depth by any power- 
operated drilling machine having sufficient torque and ram range to rotate and force the bit to the 
desired depth. The drilling machine must, however, be equipped with any accessory equipment 
needed to perform required sampling, or coring. Prior to sampling, any settled drill cuttings in the 
boreholemustberemoved. . 

Soil samples shall be taken as specified by the Work Plan or more frequendy if requested by the field 
geologih Any required sampling shall be performed by rotation, pressing, or driving in accordance 
with the standard or approved method governing use of the particular sampling tool. 

When field conditions prevent the advancement of the hole to the desired depth, a new boring may 
be drilled at the request of the Field Operations Leader. The original boring shall be backfilled using 
methods and materials appropriate for the given site and a new boring started a short distance away 
at a location determined by the site geologist 

5.2.4 Reverse Circulation ROtrw Drilling 

The common reverse-circulation rig is a water or mud rotary rig with a iargediame& drill pipe which 
circulates the drilling water down the annulur and up the inside of the drill pipe (reverse flow 
direction from direct mud rata@. This type of rig’ is used for the construction of largccapacity 
production water wells and is not suited for small, water-quality sampling wells because of the use of 
drilling muds and the large-diameter hole which is created. A few special revenacirculation rotary 
rigs are made with double-wall drill pipe. The drilling water or air is circulated down the annulur 
between the drill pipes and up inside the inner pipe. . 

Advantages of the latter method include!: 

l The formation water is not contaminated by the drilling water. 

l Formation samplescan be obtained, from known depths 

l When drilling with air, immediate information is available regarding the water-bearing 
properties of formations penetrated. 

l Collapsing of the hole in unconsolidated formations is not as great a problem as when 
drilling with the normal air rotary rig. . 
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Disadvantages include: 

l Doublcwall, reverw-circulation drill rigs are very ran and expensive to operate. 

l Placing cement grout around the outside of the well casing above a well screen often is 
difficult, especially when the screen and casing are piaced down through the inner drill 
pipebeforethedrillpipeispulledout 

53.5 Drill-throuah Casina Driver 

The drivencasing method consists of rttemately driving casing (fitted with a sharp, hardened casing 
shoe) into the ground using a hammer lifted and dropped by the drill rig or an air hammer and 
cleaning out the casing using a rotary chopping bit and air or water to flush out the materiah. The 
casing is driven down in stages (usually 5 feet per etage). A continuous record is kept Iof the blows per 
foot in driving the casing (see Procedure GH-1s). The casing is normally advanced by a 3OOpound 
hammer falling freely through a height of 30 inches. Simultaneous washing and driving of the casing 
is not recommended. If this procedure is used, the elevations bewveen which water is used in driving 
the casing should be recorded. 

The driven casing method is used in unconsolidated formations only. When the boring is to be used 
for later well installation, the driven casing used should be at l&t 4inches larger in diameter than 
the well casing to be installed; Advantages to this method of drilling include: 

l Split-barrel (split-spoon) sampiing can be conducted while drilling. 

0 Well installation is easily accomplished. 

l Drill rigs used are relatively small and mobile. 

l The use of casing minimizes flow into the hole from upper water-bearing layers; therefore 
multiple aquifers can be penetrated and sampled for rough field determinations of some 
water quality parameters. 

Some of the disadvantages include: 

l This method can only be used in unconsolidated formations. 

l The method is slower than other methods (average drilling progress is 30to SO feet per 
day). 

l Maximum depth of the borehole varies with the size of the drill rig and casing diameter 
used, and the nature of the formations drilled. 

l The cost per hour or per foot of drilling may be substantially higher than other drilling 
methods, 

l It is difficult and time consuming to pull back the casing if it has been driven very deep 
(deeper than SO feet in many formations). 
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5.2.6 Cable Tool Drillinq 

A cable tool rig uses a heavy, soiid-lteel, chisel-type drill bit (‘tool’) suspended on a steel cable, which 
when raised and dropped chiseir or pounds a hole through the soils and rock. Drilling progress may 
be expedited by the use of ‘slip-jars’ which serve as a cable-activated down hole percussion device to 
hammer the bit ahead. 

When drilling through the unsaturated zone, some water must be added to the hole. The cuttings 
are suspended in the water and then bailed out periodically. Beiow the water table, after sufficient 
ground water enters the borehole to replace the water removed by bailing, no further water need be 
added. 

When soft caving formations are encountered, it is usually necessary to drive casing as the hole is 
advanced to prevent collapse of the hoJe. Often the drilling can be only a few feet below the bottom 
of the casing. Because the drill bit is lowered through the casing, the hoie created by the bit is smaller 
than the casing. Therefore, the casing (with a sharp, hardened casing shoe on the bottom) must be 
driven into the hole (see Section 5.2.5 of this guideline). 

Advantages of the cablttool method include the following: 

l Information regarding water-bearing zones is readily available during the drilling. Even 
relative permeabiiities and rough water quality data from different zones penetrated can 
beobtained by skilled operators 

l The cabletool rig can operate satisfactorily in ail formation& but is best suited for caving, 
boulder, cable or coarse grave4 type formations (e.g., glacial till) or formations with large 
cavities above the water table (such as limestones). 

l When casing is used,’ the casing seals formation water out of the hole, preventing 
down-hole contaminationand allowing sampling of deeper aquifers for field-measurable 
water quality parameters 

l Spiit-barrel (spiit-spoon) orthin-waii tube sampiescan be collected through the casing. . 

Disadvantages include: 

l Drilling is siow compared with rotary rigs 

l The necessity of driving the casing in unconsolidated formations requires that the casing be 
pulled back if exposure of selected water-bearing zones is desired. This process complicates 
the well completion process and often increases costs. There is also a chance that the 
casing may become stuck in the hole. 

l The relatively large diameters required (minimum of 4-inch casing) plus the cost of steei 
casing result in higher costs compared to rotary drilling methods where casing is not 
required, such as use of a hollow-stem auger. 

l Cabletool rigs have’ largely been replaced by rotary rigs. In some partr of the U.S., 
availability may be difficult. 
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5A7 Jet Drillina Washing) 

Jet drilling, which should be used only for pierometer or vadose zone sampler installation, consists of 
pumping water or drilling mud down through a small diameter (l/2- to 2-inch) standard pipe (steel or 
PVQ; The pipe may be fitted with a chisel bii or a special jetting screen. Formation materials 
dislodged by the bii and jetting action of the water are brought to the surface through the annulus 
around the pipe. &the pipe is jetted deeper, additional lengfhr of pipe may be added at the surface. 

Jet percussion is a variation of the jetting method, in which the casing is driven with a drive weight. 
Normally, this method is used to piace Z-inchdiameter casing in shallow, unconsolidated sand 
formations buthasbeenusedtoinstail3-to4-inch-diametercasingsto2OOfeet 

Jetting is acceptable in very soft formations, usually for shallow sampling, and when introduction of 
drilling water to the formation is acceptable. Such conditions would occur during rough stratigraphic 
investigation or installation of piezometers for water levei measurement Advantages of this method 
include: . 

l Jetting is fast and inexpensive. 

l Because of the small amount of equipment required, jetting can be accumpbhed in 
locations where access by a normal drilling rig would be very diffkuk For example, it 
would be possible to jet down a well point in the center of a lagoon at a fraction of the cost 
of using a drill rig. 

l Jetting numerous well points just into a shallow water table is an inexpensive method for 
determining the water table cont6urs, hence flow direction. 

Disadvantages include the following: 
. 

l A large amount of foreign water or drilling mud is introduced above and into the 
formation to be sampled. 

l Jetting is usually done in very soft formations which are subject to caving.. Because of this 
caving, it is often not possible to place a grout seal above the screen to asslure that water in 
the well is only from the screened interval. 

l The diameter of the casing is usually limited to 2 inches; therefore, samples must be 
obtained by methods applicable to small diameter casings. 

l Jetting is only possible in very soft formations that do not contain boulders or coarse 
gravel, and the depth limitation is shallow (about 30feet without jet percussion 
equipment). 

l Large quantities of water are often needed. 

Drillina with a Hand Auaer 

This method is applicable wherever the formation, total depth of sampling, and the site and 
groundwater conditions are such as to allow hand auger drilling. Hand augering can also be 



considered at locations where drill rig access is not possible. All hand auger borings will be performed 
according to ASTM 01452-50. 

Samples should be taken continuously unless otherwise specified by the Work Plan. Any required 
sampling is performed by rotation, pressing, or driving in accordance with the standard or approved 
method governing use of the particular sampii-g tool. Typical equipment used for sampling and 
advancing shallow ‘hand auger’ holes are Lwan samplers (which are rotated) or post hole diggers 
(which are operated like tongs). This technique is slow but .effective where larger pieces of 
equipment do not have access and where very shallow holes are desired (less than 5 feet). Surficial 
soils must be composed of relatively soft and norwemented formatiom to allow penetration by the 
auger. 

52.9 R&c Drillina and Coring 

When soil borings cannot k’continued using augers or rotary methods due to the hardness of the soil 
or when rock or large boulders are encountered, drilling and sampling can be performed using a 
diamond bit corer in accordance with ASTM 02113. 

Drilling is done by rotating and applying downward pressure to the drill rods and drill bit The drill 
bit is a circular, hollow, diamond-studded bit attached to the outer core barrel in a double-tube core 
barrel. The use of single-tube core barrels is not recommended, as the rotation of the barrel erodes 
the sample and limits its use for detailed geoiogicai evaluation. Water or air is circulated down 
through the drill rods and annular space between the core barrel tubes to cool the bit and remove the 
cuttings. The bit cuts a core out of the rock which rises into an inner barrel mounted inside the outer 
barrei. The inner core barrel and rock core are removed by lowering a wire line with a coupling into 
the drill rods, latching onto the inner barrel and withdrawing the inner barrel. A less efficient 
variation to this method utilizes a core barrel that cannot be removed without pulling ail of the drill 
rods. This variation is practical only if less than 50 feet of core is required. 

Core borings are made through the casing used for the soil borings. The casing must be driven and 
sealed into the rock formation to prevent seepage from the overburden into the hole to be cored (see 
Section 5.3 of. this guiddine). A double-tube core barrel with a diamond bit and reaming shell or 
equivalent should be used to recover rock corks of a size specified in the Work Plan. The most 
common core barrel diameters are listed in AttachmentA Soft or decomposed rock should be 
sampled with a driven split barrel whenever possible or cored with a Denison or Pitcher sampler. 

When coring rock, including shale and daystone, the speed of the drill and the drilling pressure, 
amount and pressure of water, and length of run can be varied to give the maximum recovery from 
the rock being drilled. Should any rock formation be so soft or broken that the pieces continually fail 
into the hoie, causing unsatisfactory coring, the hole should be reamed and a flush-joint casing 
installed to a point below the broken formation. The size of the flush-joint casing must permit 
securing the core size specified. When soft or broken rock is anticipated, the length of core runs 
should be reduced to less than 5 feet to avoid core loss and minimize core disturbance. 
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Advantages of core drilling include: 

0 Undisturbed rock cores can be recovered for examination and/or testing. 

0 tn formations in which the cored hole will regain open-without casing, water from the 
rock fractures may be recovered from the well without the installation Of a well screen and 
gravel pack. 

8 Formation logging is extremely accurate. 

a Driii rigs are relatively small and mobile. . 

Disadventagcs include: 

l Water or air is needed for drilling. 

‘e Coring is slower than rotary drilling (and more expensive). 

l Depth to water cannot accurately be determined if water is used for drilling. 

l The size of the borehoie is iimited. 

This drilling method is usefui if accurate determinations of rock iithoiogy are desired (or if open wells 
are to be installed into bedrock. To install larger diameter wells in corehoks, tic hole must be 
reamed out to the proper size after boring, using air or mud rotary drilling methods. 

5.2.10 Driiiina & SUDDO~~ Vehicles 

In addition to the drilling method required to accomplish the objectives of the field program, the 
type of vehicle carrying the drill rig and/or support equipment, and its suitability for the site terrain, 
will .often be an additional deciding factor in planning the drilling program. The types of vehicles 
available are extensive, and depend upon the particular drilling subcontractor’s fleet Most large 
drilling subcontmctors will hrve a wide variety of vehicle and drill types suited for most drilling 
assignments in their particular region, while smaller drilling subcontractors will usually have a fleet of 
much more limited diversity. The weight size, and means of locomotion (tires, tracks, etc.) of the drill 
rig must be selected to be compatible with the site terrajn, to assure adequate mobility between 
borehoie locations. Such considerations also apply to necessary support vehicles used to transport 
water and/or drilling materials to the drill rigs at the borehole locations. When the drill rigs or 
suppoR vehicles do not have adequate mobility to easily traverse the site, provision!; must be made 
for assisting equipment, such as bui!dozen, winches, timber planking, etc., to maintain adequate 
progress during the drilling program. 

I 
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Some of the typical vehicles which are usually available for drill rigs and suppoft equipment are: 

l Totally vbie drilling/sampling equipment, where ail necessary components (tripods, 
samplers, hammers, catheads, etc.) may be hand carried to the borehole site. 
Drilling/sampling methods used with such equipment include: 

. Hand augen and lightweight motorized augen 
0 Retractabie piug samplers-driven by hand (hammer) 
0 Motorized cathead - a lightweight aluminum tripod with a small gas-engine ahead 

mounted on one leg, used to install small-diameter cased borings. This rig is sometimes 
called a “monkey on a stick-” 

l Skid-mounted drilling equipment containing a rotary drill or engine-driven cathead (to lift 
hammers and drill string), a pump, and a dismountal tripod. The skid is pushed, dragged, 
or winched (using the cathead dNm) between boring loatiorrr. 

l Small truck-mounted drilling equipment uses a jeep, stake body or other light truck (4 to 
6 wheeis), upon which are mounted the drill and/or a cathead, a pump, and a tripod or 
small drilling derrick. On some rigs the drill an&r a cathead an driven by a power takt 
off from the truck, i-ad of by a separate engine. 

l Track-mounted drilling equipment is similar to truck-mounted rigs, except that the vehicle 
used has wide bulldozer tracks for trawling soft ground. Sometimes a continuous-track 
‘ail terrain vehicle’ is also modified for this purpose. Some types of tracked drill rigs are 
called ‘bombardier’ or ‘weasel” rigs. 

l Heavy truck-mounted drilling equipment is mounted on tandem or dual tandem trucks to 
transport the drill, derrick, winches, and pumps or compressors. The drill may be provided 
with a sapamte engine or may use a power take-off from the truck engine. Large augers, 
hydraulic rotary and reverse circulation rotary drilling equipment are usually mounted on 
such heavy duty trucks. For’soft-ground sites, the drilling equipment is sometimes 
mounted on and off the road vehicle having low pressure, very wide diameter tires and 
capable of floating; these vehicles are called ‘swamp buggy” rigs. 

l Marine drilling equipment is mounted on various floating equipment for drilling borings in 
lakes, estuaries and other bodies of water. The floating equipment varies, and is often 
manufactured or customked by the drilling subcontractor to suit specific drilling 
requiremen% Typically, the range of flotation vehides includes: 

- Barrel float rigs - a drill rig mounted on a timber platform buoyed by empty 55-galion 
drums or similar flotation units-. 

. - Barge-mounted drill rigs. 

- Jack-up platforms - drilling equipment mounted on’ a floating platform having 
retractable legs to support the unit on the sea or lake bed when the platform is jacked 
up out of the water. 

- Drill ship3 - for deep ocean dtilling. 
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in addition to the mobility for the drilling equipment, similar consideration must be given for 
equipment to support the drilling opemtions. Such vehicles or floating equipment are needed to 
transport drill water, drilling ruppiies and equipment, samples, drilling personnel, etc. to and/or from 
various boring locations. 

53.11 EauiDment Sizes 

In planning subsutface exploration programs, care must be taken in specifying the various drilling 
components, so thatthey will fit properiy in the boring or well. 

For drilling open boreholes using rotary drilling equipment, tri-cone drill bitt are l mpltoyed with air, 
water or drilling mud to remove cuttings and cool the bii T&cone bii are siightiy smaller than the 
holes they drill (i.e., 5-7&r& or 7-7/8-i& bits will nominally drill Binch anti &inch holes, 
respectively). 

For obtaining split-barrel samples of a formation, samplers are manufactured in sizes ranging from 
2 inches to 4-IRinches in outside diameter. However, the most commonly used size is the 
2-inch O.D., l-3/8-inch I.D. split-barrel sampler. When this sampler is used, and driven by a 140-pound 
( 2 2-pound) hammer dropping 30 inches ( f 1 inch), the procedure is called a Standard Penetration 
Test, and the blows per foot required to advance the sampler into the formation can be correlated to 
the formation’s density or strength. 

In planning the drilling of boreholes using hollow-stem augers or casing, in which <thin-wail tube 
samples or diamond core drilling will be performed, refer to the various sizes and clearances provided 
in Attachment A of this guideline. Sizes selected must be stated in the Work Plan. 

53.12 Estimated Driiiina Prooress 

To estimate the anticipated rates of drilling progress for a site the following must be considered: 

l The speed of the drilling method employed. 

l Applicable site conditions (e.g., terrain, mobility between borings, diffUt drilling 
conditions in bouidery soils, rubble fill or broken rock, etc.). 

l Project-imposed restrictions (e.g., driiii.ng while wearing personal protective equipment, 
decontamination of drilling equipment, etc.). 

Based on recent experience in drilling average soil conditions (no boulders) and taking samples at 
5-foot intervals, for modemte depth (3Ofeet to 50 feet) borehoies (not including installation or 
development of weiis), the following daily rates of total drilling progress may be anticipated for the 
following drilling methods: 



Drilling Method I Average Daily Progress 
(linear feet) I 

Hollow-stem augers 

Solid-stem augers 

75’ 
I 

50 
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1 Mud Rotary Drilling I 1W (cuttingss8mples) I 

(RevefsecircuiationRotafy I lW(cuttingssamples) ~~ -1 
3(r I 

1 Rotary with driven casing I w I 

I Hand Auger I Varies I 
ContinuousRockCoring I 5V 

I 

53 PRlZVWllON OFCROS5-CONTAMINATlON 

A telescoping or multiple casing technique minimizes the putentiai for the migration of 
contaminated groundvvater to lower strata below a confining layer. The telescoping technique 
consists of drilling to a confining layer utilizing a spun casing method with a diamond cutting or 
augering shoe, (a method similar to the rock coring method described in 5ection 53.9, except that 
larger casing is used) or a drivenxasi ng method (see saction 52.5 of this guideline), and installing a 
specified diameter steel well casing. The operation consists of three separate steps. Initially, a drilling 
casing usually of &inch diameter is installed followed by installation of the well casing (&inch- 
diameter is common for 2-indr wells). This well casing is driven into the confining layer to insure a 
tight se81 at the bottom of the hole. The well casing is sealed at the bottom with a bentonitccement 
slurry. The remaining depth of the boring is drilled utilizing a narrower diameter spun or driven 
casing technique within the outer well casing. A smaller diameter well casing with an appropriate 
length of slotted screen on the lower end is installed to the surface. 

Clean sand is placed in the annulus around l nd to 8 point &out 2 feet 8bove the screen prior to 
withdrawal of the drilling casing. The annular space above the screen and to a point 2 feet above the 
bottom of the outer well casing is sealed with a treniied cement-bentonite slurry which is 
pressuregrouted or displacement-grouted into the hole. The remaining casing annuius is backfilled 
with clean material and grouted at the surface, or it is grouted all the way to the surface. 

5.4 CL5ANOUT OF CAYNG PRlOR TO SAMPUNG 

The boring hole must be completely cleaned of disturbed soil, segtygated coarse material and day 
adhering to the inside walls of the casing. The cleaning must extend to the bottom edge of the casing 
and, if possible, a shoti distance further (1 or 2 inches) to bypass disturbed soil resulting from the 
advancement of the casing. Loss of wash water during cleaning should be recorded. 

D-33.640.ml 
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FOG dim&& ample b&j a&we and below the water table and where imtOdUCt~On of relatively 
large vojuma of wash water is permissible, the cleaning operation is usually petformed by washing 
the material out of the casing with water; however, the cleaning should never be accomplished with 
a strong, dawnwa rddirected jet which will disturb the underlying soil. When Clean+ft has reached 
the bortom of the casing or slightly below (as specified above), t)?e string of tools should be lifted one 
foot off the bottom with the water still Rowing, until the wash water coming Out Of the casing is clear 
of granular soil particles. ln formations where the cuttings contain gmvei and other larger particles, 
it is often useful to repeatedly raise and lower the drill rods and wash bit while washing out the hole, 
to surge these large particles upward out of the hole. As a time saver, the drilling contractor may be 
permitted to use a spiit-bmei (split-spoon) sampier with the ball check valve removed as the 
clearrout tool, provided the material below the spoon is not disturbed and the shoe of the spoon is 
not damaged. However, because the ball check vaive has been removed, in some formations it may 
be necessary to install a flap valve or spring sample retainer in the split-spoon bit, to prevent the 
sample from failing out as the sampler is withdrawn from the hoie. The use of jet-type chopping bits 
is discouraged except where’ large boulders and cobbles or hard-cemented soils an cancountered. if 
water markedly softens the soils above the water WMe, clean-out should be performed dry with an 
auger. 

For undisturbed samples below the water table, or where wash water must be minimized, clean out is 
usually accomplished with an appropriate diameter clean-out auger. This auger has cutting blades at 
the bottom to carry loose material up into the auger, and upturned water jets just above the cutting 
blades to carry the removed soil to the surface. in this manner there is a minimum of disturbance at 
the top of the material to be sampled. tf any gmvei material washes down into the casing and cannot 
be removed by the ciemout auger, a split-barrel sample can be taken to remove it Bailers and 
sandpumps should not be used. For undisturbed samples above the groundwater table, ail 
operations must be performed in a dry manner. 

If all of the cuttings created by drilling through the overlying formations are not cleaned from the 
borehole prior to sampiing, some of the problems which may be encountered during sampiing 
include: 

l When sampling is attempted through the cuttings remaining in the borehole, ail or part of 
the sampler may become filled with the cuttings. This limits the amount of sample from 
the underlying formation which can enter and be retained in the sampler, and also raises 
questions on the validity of the sample. 

l if the cuttings remaining in the borehole contain coarse gravel and/or other large particles, 
these may block the bit of the sampler and prevent any materials from the underlying 
formation from entering the sampler when the sampler is advanced. 

l In cased borings, should sampling be attempted through cuttings which remain in the 
lower portion of the casing, these cuttings could cause the sampler to become bound into 
the casing, such that it becomes very difficult to either advance or retract the sampler. 

l When sampler biow counts are used to estimate the density or strength of the formation 
being sampled, the presence of cuttings in the borehole will usually give erroneously high 
sample blow countr. 

To confirm that ail cuttings have been removed from the bonhoie prior to attempting sampling, it is 
important that the rig geologist measure the “stickup” of the drill string. This is accomplished by 
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measuring the assembled length of ail drill rods and bits or samplers (the drill string) as they are 
lowered to the bottom of the hole, balow some convenient reference point of the drill string; then to 
measure the height of this reference point above the ground surface. The difference of these 
measurements is the depth of the drill string (lower end of the bit or sampler) below the ground 
surface, which must then be compared with the depth of sampling required (installed dm of casing 
or depth of borehole drilled). lf the length of drill string below grade is more than the drilled or 
casing depth, the borehole has been cleaned too deeply, and this deeper depth of sampling must be 
recorded on the log. if the length of drill string below grade is less than the drilled or casing depth, 
the difference represents the thickness of cuttings which remain in the borehde. In most cases, an 
inch or two of cuttings may be left in the borehole with little or no problem. However, if more than a 
few .inches for cuttings are encountered, the borehole must be redeaned prior to attempting 
sampling. 

SOS MAT6RiAl.S OFCONSTRUCDON 

The effects of monitoring well comtnrction materials on specific chemical analytical pammeters are 
described and/or referenced in FT-7.01. However, there are several materials used during drilling, 
particularly drilling fluids and lubricants, which must be used with care to avoid compromising the 
representativeness of soiland ground water sampI= 

The use of symhetic or organic polymer slurries is not mittad at any location where soil samples for 
chemical analysis are to be collected.. These slurry materiris could be used for installation of long 
term monitoring wells, but the early time data in time series collection of ground water data may 
then be suspect. if synth&c or organic polymer muds are pmposed for use at a given site, a complete 
written justification induding methods an procedures for their use must be provided by the site. 
geologist and approved by the site manager. The specific shy composition and the concentration of 
selected chemicals for each site must be known. 

For many drilling operations, potable water is an adequate lubricant for drill stem and drilling tool . 
connections. Hmver, there are instances, such as drilling in tigti clayey formations or in loose 
gravels, when threaded couplings must be lubricated to avoid binding. in these instances, to be 
determined in the field at* judgment of thesite geologist and noted in the Site Logbook, and only 
after approval by the site manager, a vegetable oil or silicone. based lubricant should be used. 
Petroleum based greases, etc. will not be permitted. Samples of lubricants used must be provided and 
anaiyxed for chemical pammeters appropriate to the given site. 

5.6 SUllslJRPACE SOIL SAMFUS .- 

Subsurface soil samples are used to chrracterize subsurface stratigraphy, This characterixation can 
indicate the potential for migration of chemical contaminants in the subsurface. In addition, 
definition of the actual migration of contaminants can be obtained through chemical analysis of the 
soil samples. Where the remedial activities may include in-situ treatment or the excavation and 
removal of the contaminated soil, the depth and areai extent of contamination must be known as 
accurately as possible. * 

Engineering and physical properties of soil may also be of interest should site construction activities 
be planned. Soil types, grain size distribution, shear strength, compressibility, permeabiiity, plasticity, 
unit weight, and moisture content are some of the physical characteristics that may be determined 
for soil sampi- 
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penetration tests are also described in this procedure. The tests can be used to ehmate various 
phpia{ and engineefing parameters such as relative density, unconfined Compressive strength, and 
consolidation chamcteristics of soitS. 

The pm&ures described here are representative of a larger number of possible drilling and 
sampling techniques The choice of techniques is based on a large number of variables such as cost, 
local geology, etc The final choice of methods must be made with the assistance of drilling 
subcontractors familiar with the local geologic conditions. Alternative techniques must be based 
upon the underiying principles of quality assurance implicit in the following procedures. 

56.1 EouiDmenf 

The following equipment is used for subsurface soil sampling and test boring: 

a Drilling equipment, provided by wbcontractor. 

l Split-barrel (split-spoon) samplers, 0-D. 2 inches, I.D. l-3/8inches, either Z&inch or 
26 inches long. Larger 0-D. samplers are available if a larger volume of sample is needed. 
A common size is 34nch O.D. (2.V2-inch I.D.). 

l Thin-walled tubes (Shelby), O.D. 2 to 5 inchsr, 18to 54 inches long. 

l Drive weight assembly, U&lb. ( i2 lb.) weight, driving head and guide permitting free fall 
of 30 inches ( ?: 1 inch). 

0 Drive weight assembly, 3004b. ( f 2 lb.) weight, driving head and guide permitting free fail 
of 18 inches ( f 1 inch). 

l Accessory equipment, including labels, logbook, parafftn, and sample jars. 

5.63 Split-barrel (Seiit-boon) Samd ina (ASTM 01586441 

The following method will be used for split-barrel sampling: 

l Clean out the borehoie to the desired sampling depth using equipment that will ensure 
that the material to be sampled is not disturbed by the operation. In saturated sands and 
silts, withdraw the drill bii slowly to prevent loosening of the soil around the hole and 
maintain the water level in the hole at or above groundwater level. 

l Side-discharge bits are permissible. A bottom-discharge bit shall not be us&. The process 
of jetting through an open tube sampler and then sampling when the {desired depth is 
reached shall not be permitted. Where casing is used, it may not be driven below the 
sampling elevation. 

l Install the split-barrel sampler and sampling rods into the boring to the desired sampling 
depth. After seating the sampler by means of a single hammer blow, three 6-inch 
increments shall be marked on the sampling rod so that the progress of the sampler can be 
monitored. 
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l The Z-inch 0.0. split-barrel sampler shall be driven with blows from a l&lb. (2 2 lb.) 
hammer falling 30 inches ( f 1 inch) ur&i either a total of 50 blows have been applied 
during any one of the three 6-inch increments, a total of 100 blows have been applied, 
there is no observed advance of the sampler for lOsuccessive hammer blows, or until the 
sampler has advanced 18inches without reaching any of the Mow count limitation 
constraints described herein. This process is referred to asthe Standard Penetration Test. 

l A 3004b. weight failing 18inches is sometimes used to driw a blR&ch or 34nchO.D. 
spoon sampler. This procedure is used where dense materials are enountered or when a 
large volume of sample is required. However, this method does not conform the ASTM 
SfWCifiWtiOfU. 

l Repeat this operation at intervals not greater than Sfeet in homogeneous strata, or as 
specified in the sampling plan. 

l Record the number of blows required to effect each ,6inches of penetration or fraction 
thereof. The first 6inches is considered to be seating drive. The sum of the number of 
blows required for the second and third 6 inches of penetration is termed the penetration 
resistance, N. if the sampler is drivenless than 18 inches, the penetration resistance is that 
for the last 1 foot penetrated. 

l Bring the sampler to the surface and remove both ends and one-half of the split barrel so 
thatthesoilmcowred rests in the remaining half of the barrel. Describe carefully the 
sample interval, recovery (length), composition, structure, consistency, color, condition, 
etc.,ofthe recovered soil then put a representatiw portion of each sample into a jar, 
without mmming. ko with samples not taken for chemical analysis shall be sealed with 
wax, or hermetically sealed (using a teflon cap liner) to prevent evaporation of the soil 
moisture, if the sample is to be later evaluated for moisture content Affix labels to the jar 
and complete Chain-of-Custody and other required sample data forms. Protect samples 
against extreme temperature changes and breakage by placing them in appropriate 
cartons stored in a protected area. Pertinent data which shall be noted on the label or 
written on the jar lid for each sample includes the project number, boring number, sample 
number, depth interval, blow counts, and date of sampling. 

l An addition to the sampler mentioned abow is an internal liner, which is split 
longitudinally and has a thin-wall brass, steel, or paper liner inserted inside, which will 
presewe the sample. However, since the development of the thin-wailed samplers 
(mentioned below) the split-barrel sampler with liner hasdedined in use. 

56.3 Thin-Wailed Tube (Sheibv Tube) Samplino (ASTM DlS87-83\ 

When it is. desired to take undisturbed samples of soil, thin-wailed seamless tube samplers (Shelby 
tubes) will be used. The following method will be used: 

l Clean out the borehole to the sampling depth, being careful to minimize the chance for 
disturbance of the material to be sampled. in saturated materials, withdraw the drill bit 
slowly to prevent loosening of the soil around the borehoie and maintain the water level in 
the hole at or above groundwater Iewi. 
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0 The use of bottom discharge bii or jetting through an open-tube sampler to clean out the 
hole shall not be allowed. Any side dischargebits are permitted. 

l A stationary piston-type sampler may be required to limit sample disturbance and aid in 
retaining the sample. Either the hydraulically opemted or control rod activated-type of 
stationary piston sampler may be used. Prior to inserting the tube sampler in the hole, 
check to ensure that the sampler head contains a check valve. The check valve is necessary 
to keep water in the sampling rods from pushing the sample out of the tube sampler 
during sample withdrawal and to maintain a suction within the tube to help retain the 
sample. 

l To minimize chemical reaction between the sample and the sampling tube, brass tubes 
may be required, especially if the tube is stored for an extended time /prior to testing. 
While steel tubes coated with shellac are less l xpensiw than brass, they are more reactive, 
and shall only be used when the sample will be tested within a few days after sampling or if 
chemical reaction is not anticipated. With the sampling tube resting on the bottom of the 
hole and the water iewi in the boring at the groundwater iewi or above, push the tube 
into the soil by a continuous and rapid motion, without impacting or twisting. In no case 
shall the tube be pushed farther than the length provided for the soil sample. Allow about 
3 inches in the tube for cuttingsand Judge. 

l Upon removal of the sampler tube from the hole, measure the length of sample in the tube 
and also the length penetrated. -Remow disturbed material in the upper end of the tube 
and measure the length of sample again. After removing at Least an inch of soil from the 
lower end and after insening an impervious disk, seal both ends of the tube with at least a 
In-inch thickness of wax applied in a way that will prevent the wax from entering the 
sample. Newspaper or other types of filler must be placed in voids at either end of the 
sampler prior to sealing with wax. Place plastic caps on the ends of the sampler, tape in the 
caps place, and dip the ends in wax. 

l Affix labels to the tubes as mquired’and record sample number, depth, penetration, and 
recovery length on the label. Mark the same information and .up” direction on the tube 
with indelible ink, and mark the end of the sample. Complete Chain-of-Custody and other 
required forms. Do not allow tubes to freeze and store the samples w&ally (with the 
same orientation they had in the ground, i.e., top of sample is up) in a cool place out of the 
sun at ail times. Ship samples protected with suitable resilient packing material to reduce 
shock, vibmtion, and disturbance. 

Thin-wailed undisturbed tube samplers are restricted in their usage by the consistency of the soil to 
be sampled. Often, very loose and/or wet samples cannot be retrieved by the samplers, and soils with 
a consistency in excess of very stiff cannot be penetrated by the sampler. Devices such as Denison or 
Pitcher core samplers can be used to obtain undisturbed samples of stiff soils. Using these devices 
normally increases sampling costs and therefore their use shall be weighed against the increased cost 
and the need for an undisturbed sample. in any case, if a sample cannot be obtained with a tube 
sampler, an attempt shall be made with a split-barrel sampler at the same depth so that at least a 
sample can be obtained for classification purposes. 
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5.6.4 Continuous Core Soil kmbles 

The CME continuous sample tube system provides a method of sampling soil continuously during 
hollow-stem l ugering. The S-foot sample barrel fits within the lead auger of a hollow-auger column. 
The samping system can be used with a wide range of I.D. hollow-stem augers (from 3-l&inch to 
&l&-inch I.D.). This method has been used to sample many different materiiis such as glacial drift, 
hard days and shales, mine tail@, etc. This method is paticuiarty used when SPT samples are not 
required and a large volume of material is needed. Also, this method is useful when a visual 
description of the subsurface iithdogy is required. 

5.7 SURPAQ SOIL SAMPLES 

For loosely packed earth or waste pile samples, stainless steel scoops or trowels can be used to collect 
nprrumatiw samples. Fordensely packed soils or deeper soil samples, a hand or power soil auger 
may be used. 

Thefollowingmethodsaretobeusedf 

0 Use a soil auger for dnp samples (6 to 24 inches) or a scoop or trowel for surface samples. 
Remove debris, rocks, Wigs, and vegetation before collection of soil. Mark the location 
with a numbered stake if possible and locate sample points on a sketch of the site. 

l Use a new or freshly-decontaminated sampler for each sample iaken. Attach a i&l and 
identification tag. Record all required information in the field logbook and on the sample 
iogshee&Chain-of-Custodyrecofd,andotherrequiredfonnr 

0 Pack and ship accordingly. 

l When a represemw composited sample is to be prepared (e.g., samples taken from a 
gridded area or from seveml different depths), it is best to composite individual samples in 
the IaboraWy where they can be more precisely cornposited on a weight or volume basis. 
If this is not possible, the individual samples (all of equal volume, i.e., the sample bottles 
shall be full) shall be placed in a decontaminated stainless steel bucket, mixed thoroughly 
using a stainless steel spatula or trowel, and a composite sample collected. 

5.8 WAsrEPlLEsAMPLEs 

The use of stainless steel scoops or trowels to obtain small discrete samples of homogeneous waste 
piles is usually sufficient for most conditions ‘Layered (nonhomogeneousJ piles require the use of 
tubesampleoto obtain Wonal samples. 

l Coliect small, equal portions of the waste from several points around the pile, penetrating 
it as far as pmctical. Use numbered stakes, if posible, to mark the sampling locations and 
locate sampling points on the site sketch. 

l Place the waste sample in a glass container. Attach a Iabel and identification tag. Record 
ail the required information in the field logbook and on the sample log sheet and other 
required fomn. . 

D-33490.ml 
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For layered, nonhomogeneous piles, grain samp&, sampling triers, or waste piie sampiers must be 
used at several representative locations to acquire a cross section of the pile. The basic steps to obtain 
each sample are: 

0 Insert a sampler into the pile at a O- to 45-degree angle from the horizontal to minimize 
spillage. 

l Rotate the sampler once or twice to cut a core of Waste material. Rotate the grain sampler 
inner tube to the open position and then shake the sampler a few times to allow the 
material to enter the open slits. Move the sampler into position with slots upward (grain 
sampler closed) and slowly withdraw from the pile. 

5.9 ROCR 5AMPUNG (CORING) (A5TM Dtll5-W) 

Rock coring enables a detailed assesm l nt of borehole conditions to be made, showing precisely all 
lithologic changes and characteristics. Recause coring is an expensive drilling method, it is commonly 
used .for shallow studies of 5OOfict or less, or for specific intervals in the drill hole that require 
detailed logging and/or analyzing. lt can, however, proceed for thousands of feet continuously, 
depending on the size of the drill rig. lt yields better quality data than air rotary drilliing, although at 
a substantially reduced drilling rate. Rate of drilling varies widely, depending on the chamcteristio of 
lithologies encountered, drilling methods, depth of drilling, and condition of drilling equipment. 
Average output in a W-hour day ranges from 4Oto over 200 feet Downhoie geophysical logging or 
television camera monitoring is sometimes used to complement the data genemted by coring. 

Borehole diameter can be drilled to various sizes, depending on the information needed. Standard 
sizes of core barrels (showing core diameter) and casing are shown in Attachment No. ‘I. 

Core drilling is used when formations are too hard to be sampled by soil sampling methods and a 
continuous solid sample is desired. Usually, soil samples are used for overburden, and coring begins in . 
sound bedrock. Casing is set into bedrock before coring begins to prevent loose material from 
entering the borehole, to prevent loss of drilling fluid, and to prevent cross contamination of 
aquifers. . 

Drilling through bedrock is initiated by using a diamond-tipped core bit threaded to iB drill rod (outer 
core barrel) with a mte of drilling determined by the downward pressure, rotation speed of drill rods, 
drilling fluid pressure in the borehole, and the characteristics of the rock (mineralogy, cementation, 
weathering). 

5.9.1 Diamond Core Drilling 

A penetration of typically less than 6 inches per 50 blows using a W-lb. hammer dropping 30 inches 
with a 2-inch split-spoon sampler shall be considered an indication that soil sampling methods may 
not be applicable and that coring may be necessary to obtain samples. 
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When formations are encountered that are too hard to be sampled by soil sampling methods, the 
following diamond core drilling procedure may be used. 

l Firmly seat a casing into the bedrock or the hard material to prevent loose materials from 
entering the hole and to prevent the iqss of drilling fluid return. Level the surface of the 
rock or hard material when necessary by the use of a fishtail or other bits. If the drill hole 
can be retained open without the casing and if cross contamination of aquifers in the 
unconsolidated materials is unlikely, it may be omitted. 

l Begin the core drilling using a doublet&e swivel-core barrel of the desired size. After 
drilling no more than 10 feet (3 m), remove the core barrel from the hole, and take out the 
core. If the core blocks the flow of the drilling fluid during drilling, remove the core barrel 
immediately. In soft materials, a large starting tire may be specified for the coring tools; 
where local l xpenence indicates satisfactory core mcovery or where hard, sound materials 
are anticipated, a smaller size or the singl*tube type may be specified and longer runs may 
be drillad. NWNW size coring equpmmt is the most commonly used site. 

0 When s&t materials are encountered that produce less than 56 percent recovery, stop the 
core drilling. lf soil samples are desired, secure such samples in accordance with the 
procedures described in ASTM Method D 1586 (Splii-barrei Sampling) or-in Method D 15B7 
(Thin-Walled Tube Sampling) for Sampling of Soils (see Section 5. t .l and 5.1.2). Resume. 
diamond core drifling when refusal materials are again encountered. 

l Since rock structures and the occurrence of seams, fissures, cavities, and broken areas are 
among the mart important items to be detected and described, take special care to obtain 
and record these featurn. If such broken zones of cavities prwmt further advance of the 
boring, one of the following three steps shall be taken: (1) cement the hole; (2) ream and 
case; or (3)case and advance with the next smaller size core barrel, as the conditions 
warrant 

l In soft, seamy, or otherwise unsound rock, where core recovery may be difficult, M-design 
core barrels may be used. In hard, sound rock where a high percentage of core recovery is 
anticipated,thesingie4ubecorebarrel maybeemplqyed. 

5.9.2 Roclc kmole Prewratbn and Documentation 

Once the rock coring has been completed and the core recovered, the rock core shall be carefully 
removed from the bar& placed in a core tray (previously labeled 3op’ and %ottom* to avoid 
confusion), classified, and measured for percentaqc of recovery as well as the rode quality designation 
(RQD). Each core shall be described, classified, ani: logged using a uniform system as presented in 
Procedure GH-1.4. If moisture content will be determined or if it is desirable.to prevent drying (e.g., 
to prevent shrinkage of clay formations) or oxidation of the core, the core shall be wrapped in plastic 
sleeves immediately after logging. 5ach plastic sleeve shall be labeled with indelible ink. The boring 
number, run number, and the footage repmatte@ in each sleeve shall be included, as well as the top. 
and bottom of the core run. 

After sampling, rock cores shall be placed in the sequence of recovery in well-constructed wooden 
boxes provided by the drilling contractor. Rock cores from two different borings shall not be placed 
in the same core box unless accepted by the Site Geqlqgih The core boxes shall be constructed to 
accommodate at least 20linear feet of core in rows of approximately 5 feet each and shall be 
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constructed with hinged tops secured with screws, and a latch (usually a hook and eye) to keep the 
top securely fastened down. Wood partitions shall be placed at the end of each core run and 
-em rows. The depth from the rurhse of the boring to the top and bottom of the drill run and 
run number shall be marked on the wooden partitions with indelible ink. A wooden panition 
(wooden block) shall be placed at the end of each run with the depth of the bottom of the run 
written on the block. These blocks will serve to separate successive core runs and indicate depth 
intervals for each run. The order of placing cores shall be the same in all core boxes. Rock core shall 
be placed in the box so that, when the box is open, with the inside of the lid facing the observer,the 
top of the cored interval contained within the box is in the upper left corner of the box,and the 
bottom of the cored intewal is in the lower right corner of the box (see Attachment 2). The top and 
bottom of each core obtained and its true depth shall be clearly and permanently marked on each 
box. The width of each row must be compatible with the core diameter to prevent lateral movement 
of the core in the box. Similarly, an empty space in a row shall be filled with an appropriate filler 
material or spaces to prevent longitudinal movement of the core in the box. 

The inside and outside of the core-box iid shall be marked by indelible ink to show all peninent data 
on the box’s contents. At a minimum, the following information shall be included: 

Project name 
Project number 
Boring number 
Runnumbers 
Footage (depths) 
Recovery 
RQD WI 
Box number and total number of boxes for that boring (Example: Box 5 of 7). 

For easy retrieval when core boxes are stacked, the sides and ends of the box shall also be labeled and 
inciude project number, boring number, top and bottom depths of core and box number. . 
Attachment No. 2 illustratesa typical rock core box. 

Prior to final closing of the core box, a photograph of the recovered core and the labeling on the 
inside cover shall be taken. If moisture content is not critical, the core shall be wetted and wiped 
clean for the photograph. (This will help to show true colors and bedding features in the cores). 

6.0 REFERENCES 
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American institute of Steel Construction, 1978. Manual of Steel Construction, 7th Edition. American 
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American Society for Testing and Materials, 1987. ASTM Standards 01587-83. 0158684. and 
0145280. ASTM Annual Book of Standards, ASTM, Philadelphia, Pennsylvania, Vol. 4.08. 

American Society for Testing and Materials, 1989. Standrd Practice for Diamond Core Drillina for Site 
Investiaation. ASTM Method D2113-83 (reapproved 1987), Annual Book of Standards, ASTM, 
Philadelphia, Pennsylvania. 
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ATTACHMENT1 

STANDARD SUES OF CORE 8ARRH.S AND CASING 

. . 
6x73/4 7 u4 6 . 7.6SS 5970 

AXWireline I / 1 7/a 1 . 1.87s 1 ..ooo 

IXWireline I / 23f8 1 7116 2.345 1.“437 
. 

NXWinline I / 1 1..937 3 1916 2.965 
\ 

l All dimensions are in inches; to convertta millimeters, multiply by 254. 
Wire iine dimensions and designations may vary according to manufacturer. 1 / 
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Size Designations Casing Coupling Approximate Core 
Diameter 

CaSillQ; 
I 

Casing Casing Casing C0re barrel Drill rod 

‘$F;’ Rod; Rod 
O.D., 

bitt’ 6n cwplingr inches 00 

bag, bit0.D.. O.D., 
Inches Normal, Thinwall, 

* l , ‘I.D., 
. 

inches* 
. biLrel Inches Inches. Inches Inches 

bits 

Rx Rw 1.437 1.437. 1.188 1.485 1.160 1.094 - .73s 

Ex E 1.812 1.812 1.500 1.875 1.470 1.313 345 .905 

Ax A 2.258 2.250 1.906 2.34s 1.875 1.625 1.185 1.281 

BX B 2.875 2.875 2.375 2.965 2345 1.906 1.655 1.750 

NX’ N 3.500 3.500 3.ooo : 3.615 2.965 2.375 2.155 2.313 

Hx HW 4.500 4.500 3.938 4.625 3.8% 3.500 3.000 3.187 

Rw Rw 1.437 1.485 1.160 1.094 - .735 

Ew Ew 1.812 1.875 1.470 1.375 .845 .Bo5 
r 

AW AW 2250 2345 1.875 1.750 1.185 1.281 

BW BW 2.875 2.965. 2.345 2.125 1.655 1.750 

l For hole diameter approximation, assume 1/324nch larger than core barrel bit 
Wire line designation, drill rod only, se- as both casing and drill rod. Wire line core bit, and 1 / 
core diameters vary slightly according to manufacturer. 

NQMINAL DIMENSIONS FOR DRILL CASINGS AND ACCESSORIES. (DIAMOND 
CORE DRILL MANUFACIURERS ASSOCIATION). 288-D-2889. 
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Drilling Componant Coupling I.D. 
(Inchcr) 

HOkw-stQ~ Augars (RQ~. 7) 6 l/4 5 2 l/4 I 
6 

I 

3l4 s 3f4 . 2 34 I 

I 7 l/4 .I _ . 6114 i I 3 114 _ . I 
# 

I 

13 l/4 12 .6 
1 

Thin Wall Tuk SQmelQn . 

t 

. 2 I 1 718 I 

I 21n I 2311) I I 

I - I 3 I . 2718 1 I 

I 3 1R 33l8 

4 l/2 43i8 

I S 4 3l4 1 

bill Rods (Rcf.7) mu 13f32 23n2 13f32 

Ew. 13/B 

I 

lY16 
m 

7/16 

I 

AW I I 1314 I I 1 114 I I !a3 -- 

BW I 21m I 1 3J4 I 3f4 
NW 2Y6 2 l/4 13/B 

3 l/2 3 l/16 23J6 

E I 1 Y16 7a 7/16 

A 1YB ) 1 l/B 9/16 

B 17/B I 1 l/4 Y8 

N 23/8 '2 1 

Wail Thickncu 
(lnchclr) 

subjut 
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>rivsn Extcnul CouplQd 2 l/2 2.67s 2.323 0.276 
Ix&a Strong Stcnl* Casing ftQf. B) 3 3.5 a9 0.300 

3 1R 4.0 
. . 

3.364 
I 

0.318 

. 4 4.5 I 3.826 0.337 

S 5.63 I 4.813 0.37s 1 
6 6.625 1 5.761 0.432 \ I 

8 . 8.625 7.62s o.soo I 
10 10.750 9.750 0.500 

12 12.750 11.750 I 0.500 

l Add twicQ thr casing wall thicknc# to ding O.D. to obtain thy approximau 0.0. of the 
QXtQmQi pipa couplings 

. 
(I * 
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AITACHMENTA 
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‘AGE TWO 

I I 1 f 
Designation or 

Drilling Component HOIQ Size 
(Inches) 

I 
Fiush Coupled Casing Rx 1 7116 i 3l16 
(Ref. 7) Ex 1 lY16 lY6 

r Ax 2 l/4 2 

BX 2 7J6 I 2 916 
L 

Nx 3 1R 3 Yl6 
HX 4 1R 4 118 :zliitFj 

Fiush Joint Casing 
(ttQf. 7) 

. 

Diamond Core Barrels EWM 1 1R 7/8** 
(Ref. 7) AWM 1 7t6 1 l/8** 

BWM 23l6 1 s/6** 

NWM 3 2 l/6 , 
HWC 3 7/8 3 . 

2 314 x 3 7/8 3 7/6 

4 x s 1n 5 1R 

6x7314 7 3/4 

AQ (wireline) 1 57164 I 
BQ (wireline) 2 23/64 

NQ (wireline) 2 63/64 

HQ (wireline) 1 3 2Y32 

l * Because of the fragile nature of the core and the difficutty to identify rock details, use of 
smalldiameter core (1 3/8’) is not recommended. 
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1.0 PuRFosE 

The purpose of this doC&imQt is to Qstablish standard procedures and tQchnical guidance on borthole 
and sampla logging. 

20 SCOPE 

These procedures provide dQscriptions of thy standard tQchniquar for botQhOlQ and samplQ logging. 
Thaw techniqua shall be used for each boring logged to provide consistent descriptions of 
subsurface lithoiogy. WhiiQ QxperiQncQ is thr only mahod to dQvQlop COnfidQrtCQ and accuracy in tht 
description of soil and rock, thy fidd gQoiogist&nginnr can do a good job of classification by caraful, 
thoughtful observation and by being ConsistQntthroughout the dassification procedun. 

3.0 GLOSSARY 

NOM. 

40 RESPONSIBKITIES 

site Geoloais& WblQ for supe&Sing aI1 bpring a&vi& &d assuring that each borehol~ is 
compictclly logged. If man than one rig is king used omita thy Sits GQoiogist must make surQ that 
Mach fiQld gQok+gist is promy trainQd in logging procedum. A brief review or training sQssion may 
k necessary pfiotto the start up Of th0 field.prognm andlot upon ~~mpkti~ ofth~ first borihg. 

5.0 PRDCEDURES 

The classification of soil and rocks iS one of tha most important jobs of thy field gQologisVQnginQQr. 
To maintain a consistent flow of information, it is impQmtivQ that thy fidd gcologistlcnginccr 
undQrstand and accurately use thy fidd dassification systQm described in this SOP. This identification .. 
is based on visual Qxamination and manual tests. 

WhQn logging soil and rock sample thQ geologist or l ngineQr may k Qquipped with thy following: 

Q Rodchamma 
Q Knife 
Q CamQn 
Q Dilute Ha 
Q Rula (marked in tQnths and hundmhr of fQQt) 
Q Hand Lens 

5.2 CIASSIACATION OF SOILS 

All data shall k writtQn dimtly on thy boring log (Exhibit 4-l) or in a field notebook if morQ space is 
needad. DQtails on filling out the boring log are discus& in Section 5.5. 

0-334-90-t 
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521 yscs classification 

-iis are to be ClassifiQd accwding to the Unified Soil Classification Sptem (USGS). This method Of 
classification is detailed in Exhibit 4-2. This mcrthod of classification idcntifks soil tYPQP On the basis Of 
grain size and COhQSiVQMSS. 

Pincgraincd soils,’ or fines, are smaller than the No. 200 sieve and are of NV0 typCS: silt (MI and 
clay (0 Some classification systQms dcftm size ranges for these soil particles, but for field 
classification purpows, they are identified by their respective bQiUBViOrS. organic material (0) is a 
common component of soil but has no size range; it is rQcognizQd by its COmpOsitk~n. The careful 
study of the USGS will aid in developing the competence and consistency necessary for the 
classification of soils. 

Coarsegained soils shall be divided into rock fragmQnts, sand, or gravel. The tQrIT!S and sand and 
gravel not only nfQr to m size of thy soil partides but also to their depositional history. To insure 
accuracy in description, thy tQrm rock fragmQnl3 shall be used to indicate angular grawlar materials 
resulting from the breakup of rock. The sharp edges typically observed indicate little or no transport 
from their source area, and therefore the term provides additional information in reconstructing thy 
depositional environmen$ of the soils Qncountakd. When the term “rock fragments” is used it shall 
be followed by a sita designation such as (V4inchClR inch@))’ or ‘coa-nd size’ either 
immediately after the entry or in the remarks column. The USGS classification wouid not be affected 
by this variation in terms. 

533 Color 

Soil colors shall be described utilizing a single color dascriptor preceded, when necessa rye by a 
modifier to denott variations in shade or color mixtures, A soil could therefore be referred to as 
“gray” or ‘light gray” or “blue-gray.’ Since color can be utilized in correlating units tieen 
sampiing tOCatiOnS, it iS impoRant for Color descriptions t0 be ~onsirt~nt from one boring t0 another, 

Colors must be described while the sample is still moist Soil samples shall be broken or split vertically 
to describe COtOf’S. bmplcrs tend to smear the sample surface creating color variations between thQ 
SampiQ iItteriOr and QXtQriOr. 

The tQml ‘mottled’ shall be used to indicate soils irregularly marked with spots of different colors. 
Mottling in soils usually indicates poor aeration and lack of good drainage. 

Soil Color Charts shill not be used unless spccificd by the project manager. 

533 Relative Den&v and Consistenq 

TO classify the relative density and/or consrstency of a soil, the geologist is to first identify the soil 
type. Granular soils contain predominantly sands and gravels. They are’noncohesive (;particles do not 
adhcn ~41 whQn compressed). Fincr-graincd soils (silts and clays) are cohesive (particles will adhere 
together when compressed). 

I 
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The density of noncohesive, granular soils is classified according to standard penetration resistances 
obtained from split barrel sampling performed according to the methods detailed in Standard 
Operating Procedures CH-1.3 and SA-1.2. Those designations are: 

Designation 

Veryloose 

I 
Medium dense 

Standard Penetmtion 
Resistance (Blows per Foot) 

oto4 
St0 10 
11 to30 

. 
31toso 

Very dense overso 

Standard penetration resistance is the number of blows required to drive a split-barrel sampler with a 
24nch outside diameter 12 inches into the material using a 14Oqound hammer falling freely through 
30inches. The sampler is driven through an Winch sample intewal, and the number of blows is 
recorded for each 6-inch increment The density designation of granular soils is obtained by adding 
the number of blows required to penetrate the last 12 inches of each sample interval. It is important 
to note that if gravel or rock fragments are broken by the sampler or if rock fragments are lodged in 
the tip, the resulting blow count will be erroneously high, reflecting a higher density than actually 
exists. This shall be noted on the log and referenced to the sample number. Granular soils are given 
the US0 dassificatiom GW, GP, GM, SW, SP, SM, CC, and SC (see Exhibit 4-2). 

The consistency of cohesive soils is determined by performing field tests and identifying the 
consistency as shown in Exhibit&3. Cohesive soils are given the US0 dassificatiorts ML, MH, CL, CH, 
OL, or OH (see Exhibii4-2). 

The consistency of cohesive soils is determined either by blow counts, a pocket penetrometer (values 
listed in the table as Unconfined Compressive Strength) or by hand by determining the resistance to 
penetration by the thumb. The pocket penetrometer and thumb determination methods are 
conducted on a selected. sample of the soil, preferably the lowest O.Sfoot of the sample in the 
split-barrel sampler. The sample shall be broken in half and the thumb or penetrometer pushed into 
the end of the sample to determine tJw consistency. Do not determine consistency by attempting to 
penetrate a rock fragment lf the wrnple is decomposed rock, it is classified as a soft decomposed 
rock rather than a hard soil. Consistency shall not be determined solely by Mow counts. One of the 
other methods shall be used in conjunction with it The designatiom used to describe the consistency 
of cohesive soils am as follows: 

. 

. 

\ 
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Comistency I 
Compressive 

I 
Penetration 

St?. Resistance I 
Field Identification Methods 

fonsbq. Foot (Blows per Foot) 

Very soft Less than 0.25 oto2 Easily penetrated several inches by fist 

Soft 0.25 to 0.50 2to4 Easllypenetrated several inches bythumb 

Medium stiff 0.50 to 1 .o 4to8 Can be penetrated several inches bythumb 

Very stiff 1 l.Oto 2.0 8tolS Readily indented by thumb 

Hard (2oto4.0 lSto30 1 Readily indented by thumbnail 

Hard 1 Monthan4.0 over30 1 Indented with difficulty by thumbnail 

53.4, Weiaht Fefcentaaes 

In nature, soils are comprised of particles of varying size and shape, and are combinations of the 
various grain types. The following terms are useful in the description of soil: 

I Terms of identifying Proportion of the Component 
I 

Defining Range of 
Percentages by Weiight I 

trace 0- lOpercent 

some 1 1 - 30 percent 

and or adjective form of the soil type (e.g., ‘sandy’) 31- 50 percent 
I 

Examples: 

l Silty fine sand: SO to 69 percent fine sand, 31 to 50 percent silt 

l Medium to coarse sand, some silt 70to 80 percent medium to coarse sand, 11 to 30 percent 
silt 

l Fine sandy silt, trace clay: SOto 68percent silt, 31 to 49 percent fine sand, 1 to 10 percent 
clay. 

0 Clayey silt, some coarse sand: 70 to 89 percent clayey silt, 11 to 30 percent coarse send. 

52.5 Moisturq 

Moisture content is estimated in the field according to four categories: dry, moist, wet, and 
saturated. In dry soll, there appears to be little or no water. Saturated samples obviously have all the 
water they can hold. Moist and wet classifications are somewhat subjective and often are determined 
by the individual’s judgment A suggested parameter for this would be calling a soil wet if rolling it in 
the hand or on a porous surface liberates water, i.e., dirties or muddies the surface. Whatever 
method is adopted for describing moisture, it is important that the method used by an individual 
remains consistent throughout an entire drilling job. 

0-33-440-1 
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Laboratory tests for water content shall be performed if the natural water content is important. 

Stratification can only be determined after the sample barrel is opened. The stratification or bedding 
thickness for soil and rock is depending on grain size and composition. The classification to be used 
for stratification description is shown in Exhibit 4-4. 

5.27 Texture#abricBeddinq 

The texture#kric/bedding of the soil shall be described. Texture is described as the relative 
angularity of the partida: rounded, subrounded, subangular, and angular. Fabric shall be noted as 
to whether the partides are flat or bulky and whether there is a particular relation between particles 
(i.e., all the flat partides ati pamllel ar there is some cementation). The badding or structure shall 
also be noted (e.g., sbWified, lensed, nonstmtified, heteqeneous varwd). 

5.288 5ummarv of 5oll Classification 
. 

In summary, soils shall be dassified in a similar manner by each ge&gisUengineer at a project site. 
The hiimrchy of dassification is as follows: 

Dmsityand/orconsistency 
color 
Plastidty(0ptional) 
5Oiltyprr 
Mdturecontent 
StWlfiC8tiOtl 
Texture, fabric, bedding 
Other distinguishing features 

53 CLASSIFICATION OF ROCKS 

Rocks are grouped into three main divisions, including sedimentary, igneous and metamorphic rocks. 
Sedimentary recks am by f8r the predominant type.exposed at the earth’s surface. The following 
~cnam~ar*a~iadto~tyFmof~fwndinwdim~uqu~~: 

l Sandstone - Made up predominantly of granular materials ranging been 1116to 2 mm 
in diameter. 

l Siltstone - Made up of gmnular materials less than l/l 6to l/256 mm in diameter. ractum 
irregularly. Medium thick to thick bedded. 

l Claystone - Vary fine-grained rock made up of day and silt-size materials. Fractures 
irregularly. Very smooth to touch. Generally has irregularly spaced pitting on surface of 
drilled c&s. 

8 5hale - A fissile very fbe-grained rock. Fractures alang bedding plan= 
. 

._. . 

.- 

-..- 

.- 
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0 Limestone - Rock made up predominantly of calcite (Cacti). Effervesces strongly upon the 
application of dilute hydrochloric acid. 

l Coal - Rock consisting mainly of organic remains. 

a Others - Numerous other sedimentary rock types are present in lessor amounts in the 
stratigraphic record. The local abundance of any of these rock types is dependent upon the 
depositional history of the area. These include conglomerate, halite, gyPsum, dolomite, 
anhydrite, lignite, etc. are some of the rock types found in lesser amounts. 

In classifying a sedimentary rock the following hiemrchy shall be noted: 

l Rocktypc 
0 Color 
l Bedding thickness 
0 Hardness 
l Fracturing 
0 Weathering 
l Other characteristics 

53.1 Rocktvrn 

As described above, there are numerous names of sedimentary rocks. In r&t cases a rock will be a 
combination of several grain types, therefore, a modifier such as a sandy siltriom, or a silty sandstone 
can be used. The modifier indicates that a significant portion of the rock type is composed of the 
modifier. Other modifiers can include carbonaceous, .&careous, siliceous, etc. 

Grain size is the basis for the classification of elastic sedimentary rocks. Exhibit &!i is the Udden- 
Wentworth classification that will be assigned to sedimentary rocks. The individual boundaries are 
slightly different than the USCS subdivision for soil classification. For field determination of gmin 
sizes, a scale can be used for the coarse grained rocks. For example, the division between siltstone 
and claystone may not be measurable in the field. The boundary shall be determined by use of a 
hand lens. If the grains cannot be seen with the naked eye but are distinguishable with a handlens, 
the rock is a siltstone. If the grains are not distinguishable with a handlens, the rock is a claystone. 

5333 &!&r 

The color of a rock can be determined in a similar manner as for soil samples. Rock core samples shall 
be classified while wet, when possible, and air cored samples shall be scraped clean of cuttings prior 
to color classifications. 

Rock Color Charts shall not be used unless specified by the project manager. 

5.33 Beddina Thicknesq 

The bedding thickness designations applied to soil classification will also be used for rock 
classification. 
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53.4 Hardness 

The hardness of a rock is a function of the compaction, cementation, and mineralogical composition 
of the rock. A reuttive scale for sadimentary rock hardness is as follows: 

l Soft - Weathered, considerable erosion of core, easily gouged by screwdriver, scratched by 
fingernail. Soft rock crushes or deforms under pressure of a pressed hammer. This term is 
always used for the hardness of the saprolite (decomposed rock which occupies the zone 
between the lowest soil horizon and firm bedrock). 

l Medium soft - Slight erosion of core, slightly gouged by screwdriver, or breaks with 
crumbly edges from single hammer Mow. 

l Medium hard - No core erosion, easily scratched by screwdriver, or breaks with sharp edges 
from single hammer blow. 

l Hard - Requires several hammer blows to break and has sharp conchoidai breaks. Cannot 
be scratched with screwdriver. 

Note the difference in usage here of the works ‘scratch’ and ‘gouge.’ A scratch shall be considered 
a slight depression in the rock (do not mistake the scraping off of rock flour from drilling with a 
scmtch in the rock itself), while a gouge is much deeper. 

s3.s Fmcturinq 

The degree of fracturing or brokeness of a rock is described by measuring the fractures or joint 
spacing. After eliminating drilling breaks, the avenge spacing is calcuiated and the fracturing is 
desc&edbythefollowingterms: 

8 Very broken (V. BR) - Less than 2-inch spacing between fractures 
8 Broken (BR) - 2-inch to l-foot spacing between fractures 
. Blocky (BL) - l-to 3+otqacing ktmm fractures 
8 Massive (M.) - 3 to lo-foot spacing between fractures 

The structural integrity of the rock can be approximated by calculating the Rock Quality Designation 
(ROD) of cores recovered. The RQD is determined by adding.the total lengths of ail pieces exceeding 
4inchesanddividingbythetoUi Iengthofthecoringrun,toobtainapercentage. 

Method of Calculating RQD 
(After Deere, 1964) 

RQD% = r/lx100 . . 

r 3 Total length of all pieces of the lithdogic unit being measured, which are greater than 
4 inches length, and have resulted from natural breaks. Natural breaks include siickensides, 
joints, compaction slicks, bedding plane partings (not caused by drilling), friable zones, etc. 

I = Total length of the coring run. 

D-33-490.1 
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5.3.6 Weatherinq 

fhe degree of weathering is a significant parameter that is i&ortant in determining weathering 
profiles and is also useful in engineering designs. The following terms can be applied to distinguish 
the degree of weathering: 

0 Fresh - Rock shows little or no weathering effect. Fractures or joints have little or no 
staining and rock has a bright appearance. 

l Slight - Rock has some staining which may penetm@ several centimeters into the rock. Clay 
filling of joints may occur. Feldspar grains may show some aitemtion. 

l Moderate - Most of the rock, with exception of quartz grains, is stained. Rock is weakened 
duetowccathcringad~nkeniiy~~withhrm~. 

l Severe - All rock including quartz grains is stained. Some of the rock is weathered to the 
extent of becoming a soil. Rock is very weak. 

51.7 pf)Hr Characteristig 

The following items shall be included in the rock description: 

l Description of contact between two rock units These can be sharp or gradatjonal. 
l Stratification (parallel, cross stratified) 
0 Description of any filled cavities or vugs. . 
l Cementation (caicoreous, siliceous, hematitic) 
0 Description of any joints or open fractures. 
0 Obsewation of the presence of fossils. 
l Notation of joints with depth, approximate angle to horizontal, any mineral filiing or 

coating, and degree of weathering. 

All information shown on the boring logs shall be neat to the point where it can be reproduced on a 
copy machine for report presentation. The data shall be kept current to provide control of the 
drilling program and to indicate various areas requiring special consideration and sampiing. 

5.3.8 Additional Terms Used in the Descriotion of Rock 

The following terms are used to further identify rocks: 

l Seam -Thin (12 inch or Less), probably continuous layer. 

l Some - Indicates significant (15 to 40 percent) amounts of the accessory material. For 
example, rock composed of seams of sandstone (70 percent) and shale (30 percent) would 
be ‘sandstone - m shale seams.” 

l Few - Indicates insignificant (0 to 15percent) amounts of the accessory material. For 
example, rock composed of seam of sandstone (90 percent) and shale (10 percent) would 
be “sandstone - few shale seams.” 
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l interbedded - Used to indicate thin or very thin alternating seams of material occurring in 
approximately equal amounts. For example, rock composed of thin alternating seams of 
sandstone (50 percent) and shale, 60 percent) would be ‘interbedded sandstone and 
shale.’ 

8 interlayered - Used to indicate thick alternating seams of material occurring in 
l pproximateIy equal amounts. 

The preceding sections describe the classification of sedimentary rocks. The following are some basic 
names that are applied to igneous rocks: 

8 Basalt - A fincgrained extrusive rock corn- primarily .of caicic piagiociase and 
pyroxene. 

0 Rhyolite - A fine-grained volcanic rock containing abundant qua- and orthoclase. The 
fine-grained equivalent of a granite. 

l Granite - A coarse-grained piutonic rock consisting essentially of alkali feldspar and qua-. 

l Diorite - A c&rs+grained plutonic rock consisting essentially of sodic piagioclase and 
hornblende. 

l Gabbm -A coarwgnined plutonic rock consisting of c&it plagiociase and dinopyroxene. 
Loosely used for any coarse gnined dark igneous rock 

The following are some basic names that are hppiied to metamorphic rocks~ 

l Slate - A viry fine-grained foliated rock porscnring a well deveJoped slaty cleavage. 
Contains predominantly chlorite, mica, quant, and white. 

l Phyllite - A fiirra-grained foliated rock that splits into thin flaky sheets with a silky sheen on 
cleavage surface. 

l Schist - A medium to coarse-grained foliated rock with subparallel arrangement of the 
micaceous minerals which dominate its composition. 

l Gneiss - A~coarse-grained foliated rock with bands r@h in granular and piaty minerals. 

l Quartzite - A .fin+ to coa~~-@nod nonfoliated rock breaking across grains, consisting 
essentially of quartz sand with silica cement- 

. 
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5.4 ABBREVIATIONS 

Abbreviations may be used in the description of a rock or soil. However, they shall be kept at a 
minimum. Following are some of the abbreviations that may be used: 

C - coarse Lt - Light Yl - Yellow 1 
Med - Medium BR - B&en Or - Orange 

F - Fine IBL - Blocky 55 -. Sandstone 

V - Very IM- Massive Sh - Shale 1 
51 - Siiaht !Br - Brown Ls- Limestone 

Occ - Occasional lBi - Black hr- Fine grail 

Tr - Trace I I I 

5.5 BORING LOGS AND DOCUMENTATION 

This section describes in more detail the procedures to be used in completing boring logs in the field. 
Information obtained from the preceeding sections shall be used to complete the logs. A sample 
boring log has been provided. as Exhibi4-6. The field geologist/engineer shall use this example as a 
guide in completing each. borings log. Each boring log shall be fully described by the 
geologist/engineer as the borina is beina .drilied. Every sheet contains space for 25feet’ of log. 
Information regarding classification details is provided on the back of the boring log, for field use. 

5.5.1 Soil Classification 

l identify site name, boring number, job number, etc. Elevations and water level data to be 
entered when surveyed data is available. 

l Enter sample number (from SPT) under appropriate column. Enter depth sample was taken 
from (1 block D 1 foot). Fractional footages, i.e., change of iithoiogy a 13.7feet, shall be 
lined off at the proportional location between the 13 and W-foot marks. Enter blow 
counts (Standard Penetration Resistance) diagonally (as shown). Standard penetration 
resistance is covered in 5ection 53.3. 

l Determine sempic recovery/sample length as shown. Measure the total length of sample 
recovered from the split spoon sampler, including material in the drive shoe. Do not 
include cuttings or wash material that may be in the upper portion of the sample tube. 

l Indicate any change in iithology by drawing a line at the appropriate depth. For example, 
if clayey silt was encountered from 0 to 5.5 feet and shale from 5.5 to 6.0feet, a line shall 
be drawn at this increment. This information is helpful in the construction of 
cross-se&ons. As an alternative, symbols may be used to identify each change in iithology. 

l The density.of granular soils is obtained by adding the number of blows for the last two 
increments. Refer to Density of Granular Soils Ghan of back of log sheet For consistency of 
cohesive soils refer also to the back of log sheet - Consistency of Cohesive Soils. Enter this 
information under.the appropriate column. Refer to 5ection 53.3. 

D-33490-1 
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l Enter color of the material in the appropriate column. 

l Describe material using the USC5. Limit this column for sample description only. The 
predominate material is described last if the primary soil is silt but has fines (clay) - use 
clayey silt. Limit soil descriptors to the foBowing: 

0 Trace O- 10 percent 
0 Some 11-3Opercent 
0 And 310SOpercent 

l Also indicate under Material Cksification if the material is fill or natural soils Indicate 
roots, organic material, etc 

l ~UXS~bd-~dunonbrdcofboringiog~rgui~. lfthesoiisfaliintooneof 
wo basic groups, a borderline symbol may be used with tha tw@ symbols sem.rated by a 
slash. For example MUCL or WISP. 

l The following information shall be entered under the Remarks Column and shall include, 
but is not limited by the following: 

0 Moisture - estimate moisture content using the fdiewing terms - dry, moist, wet 
and saturated. These terms are determined by the individual. Whatever method 
isrrwdto~i~moirtun,kc~rtmtthrou~~l~. 

0 Angularity - describe angularity of coarse Grained particles using Angular, 
Subangular, Subrounded, Rounded. Refer to ASTM D 2488 or Earth Manual for 
criteria forthese term 

0 Particle shape-flit, elongated, orflatand elongated. 

0 Maximum particle& or dimension. 

0 Waterlevel obsewations. 

i Reaction with HCl- none, weaic or strong. 

8 Addiional comma 

0 Indicate presence of mica, caving of hole, when water was encountered, difficulty 
in drilling, loss or Gain of water. 

0 Indicate odor and HNu or WA reading if applicable. 

0 Indicate any change in iithoiogy by drawing in line through the iithoiogy change 
column and indicate the depth. This will help later on when cross+dons are 
constructed. 

0 At the bottom of the page indicate type of rig, drilling method, hammer size and 
drop and any other useful information (i.e., borehole size, casing set, chmgs in 
drilling method). I ;- 
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. 0 Vertical lines shall be drawn (as shown in Exhibit 4.6) in columns 5 to B from the 
bottom of each sample to the top of the next sample to indicate consistency of 
meterial from sample to sample, if the material is consistent Horizontal lines shall 
be drawn if there is a change in lithoiogy, then vertical lines drawn to that point. 

0 Indicate screened interval of well, as needed, in the IithoioQy column. Show top 
and bottom of .screen. Qther details of well construction are pfoviided on the well 
construction forms. 

5.53 Rock Classification 

Indicate depth at which coring began by drawing a line at the appropriate depth. indicate 
core run depths by drawing coring run lines (as shown) under the first and fourth columns 
on the log sheet indicate,RQD, core run number, RQD percent and core recouety under 
the appropriate columns. 

Indicate lithoiogy change by drawing a line at the appropriate depth as explained in 
5ection 5.5-l. 

Rock hardness is entered under designated column using terms as described on the back of 
the log or as explained earlier in this section. 

Enter color as determined while the core sample is wet; if the sample is cored by air, the 
core shall be scraped clean prior to describing color. 

Enter rock type based on sedimentary, igneous or metamorphic. For sedimentary rocks use 
terms as described in 5ection 5.3. Again, be consistent in classification. Use modifiers and 
additional terms as needed. For igneous and metamorphic rock types use terms as 
described in 5ections 5.3-B. 

Enter brokeness of rock or degree of fracturing under the appropriate column using 
symbols VBR, BR, BL, or M as explained in 5ection 5.3.5 and as noted on the back of the 
Boring Log. 

The following information shall be entered under the remarks column. Items shall include 
but are not limited to the following: 

0 Indicate depths of joints, fractures and breaks and also approximate to horizontal 
angle (such as high, low), i.e., 70’ angle from horizontal, high angle. 

0 Indicate caicareous zones, description of any cavities or vugs. 
0 Indicate any loss or gain of drill water. 
0 Indicate drop of drill tools or change in color of drill water. 

Remarksatthe bottom of Boring Log shall include: 

0 Type and size of core obtained. 
0 Depth casing was set 
0 Type of Rig used. 

D-33490-1 
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l As a final check the boring log shall include the following: 

0 Vertical lines shall be drawn as explained for soil classification to indicate 
consistency of bedrock material. 

0 If applicable, indicate screened interval in the iithology column. Show top and 
bottom of screen. Other details of well construction are provided on the well 
constructionforms. 

5.53 Classification of 5011 and Rock from Drill Cuttinql 

The previous sections describe procedures for dassifying soil and rock samples when cores are 
obtained. However, some drilling methods (air/mud rotary) may require dassification and bonhole 
logging based on identifying drill cuttings removed from the borehole. Such cuttings provide only 
general information on subsurface lithology. Some procedures that shall be followed when logging 
cuttings are: 

8 Obtain cutting samples at approximately 5-foot intervals, sieve the cuttings (if mud rotary 
drilling) to obtain a cieaner sample, place the sample into a small sample bottle or “zip 
lock’ bag for future reference, and label the jar or bag (i.e. hole number, depth, date, etc.). 
Cuttingrshallbedosel yexamined to determine general lithology. 

l Note any change in color of drilling fluid or cuttings, to estimate changes in iithoiogy. 

8 Note drop or chattering of drilling tools or a change in the rate of drilling, to determine 
fracture iocations or lithdogic dun* 

l Observe loss or gain of drilling fluids or air (if air rotary methods are used), to identify 
potential fracturezones. *. 

8 Record this and any other useful information onto the boring log as provided in 
Exhibit 4-l. 

This logging provides a general description of subsurface lithology and adequate information can be 
obtained through careful observation of the drilling procnr. tt is recommended that split banei and 
rock core sampling methods be used at selected boring locations during the field investigation to 
provide detailed information to suppknwnt the less detailed data generated through borings drilled 
using air/mud rotary methods. 

S.6 REVIEW 

Upon completion of the borings logs, copies shall be made and reviewed. items to be reviewed 
include: 

l Checking for consistency of ail logs 
l Checking forconformancetothe guideikte 
l Checking to see that ail information is entered in their respacbve columns and spaces 

‘. 
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ASTM D24881985 
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Earth Manual, U.S. Depanmcnt of the tntcrior, 1974 

7.0 RECORDS 

Originals of the boring logs shall be ret&d in the project fibs. 

D-33-1 
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EXHIBITC3 

CONSISTENCY FOR COHE!WE SOILS 

Consistency 

Jery soft 

ioft 

Medium stiff 

(Blows 
w F-t) 

oto2 

2to4 

4to8 

Unconfined 
bmpfessive 

Strength 
(tonshqu8n Fieid Idwltifkation 

f-byP0-t 
pmlamtim . 

Less than 0.25 Easily pwwtwud s8wfal inches by fist 

0.2s to 0.50 E8silypewWatdswed inctwsbythumb 

0.50 to 1 .o Can be penetrated swwal inches by 
thumbwith moderate effort 

itiff 8tO15 l.Oto2.0 Readily irhnted by thumb but penetrated 
only with great effort 

lrrystiff 

lrrd 

lSta30 2.0 to 4.0 Readily indented by thumbnail 

over 30 More than 4.0. Indented bythumbnail 
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BEDDING THICKNESS ClAS!9FlC4llON 

Uassification 

(Weir, 1973 and Ingram, 1954) 
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EXHIBIT 4-S 

GRAIN 5SZ6 CIASIRCATION FOR ROCKS 

After Wentwo& 1922 
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1.0 PURPOSE, 

The purpose of this procedure is to provide general reference information on the sampiing of 
gmundwater wells. The methods and equipment described are for the collection of water samples 
fromthesaturatedtoneofthesubsufface. 

20 SCOPE 

This procedure provides information on proper sampling equipment and techniques for groundwater 
sampling. Review of the information contained herein will facilitate planning of the field sampling 
effort by dcfaibing standard sampling technique% The techniques described shall be followed 
whenever applicable, noting that site-specific conditions or project+pecific plans may require 
adjustments in methodology. 

3.0 GLOSSARY 

None. 

4.0 RESPONSIWUTIES 

Site Hvdrooeoloaist or Geo&em@ - responsible for selecting and detailing the tpacific gmun&ater 
sampling techniques and equipment to be used, documenting these in the Project Operations Plan 
(POP), and properly briefing the site sampling personnel. 

Site Geoloaiq- The Site Geologist is primarily mpomible for the proper xqui&& of the 
groundwater sampI- When rpproprirte, such mpomibilitia may be Imformed by other qualified 
personnel (engineers, field technicians). 

Site Manaatr - The Siie Manager is responsible for reviewing the sampling procedures used by the , . 
field crew and for performing in-field spot checks for proper sampling procedures, 

so PRQCEDURES . 
. 

s.1 GENERAL 

To be useful and accurate, a groundwater sample must be wve of the particular zone of the 
water being sampled. The physical, chemical, and bacteriological integrity of the sample must be 
maintained from the time of sampling to the time of testing in order to keep any changes in water 
quality parametersto a minimum. 

Methods for withdrawing samples from completed wells include the use of pumps, compressed air, 
bailers, and various types of samplers. The primary considerations in obtaining a representative 
sample of the groundwater are to avoid collection of stagnant (stand~hg) water in the well and to 
avoid physical or chemical alteration of the water due to sampling techniqurr. In a non-pumping 
well, there will be little or no vertical mixing of water in the well pipe or erring, and stratification will 
occui. The well water in the screened section will mix with the groundwater due to normal flow 
patterns, but the well water above the screened section will rem&n isolated and become stagnant 
To Safeguard against collecting non-r-w stagnant water in a sample, the following 
approach shall be followed prior to sample acquisition: 

- 
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1. All monitoring wells shall be purged prior to obtaining a sample. Evacuation of three to 
five volumes is recommended for a representative sample. In a high-yielding groundwater 
formation and where there is no stagnant water in the well above the screened section, 
evacuation prior to sampic withdrawal is not as critical. 

2. For wells that can be purged to dryness with the sampling equipment being used, the well 
shall be evacuated and allowed to recovey prior to sample acquisition. If the recovery rate 
is fairly rapid, evacuation of more than one volume of water is preferred. 

3. For high-yielding monitoring wells which cannot be evacuated to dryness, there is no 
absolute safeguard against contaminating the sample with stagnant water. One of the 
following techniques shall be used to minimize this possibility: 

0 A submersible pump, intake line of a surface pump or bailer shall be placed just below 
the water surface when removing the stagnant water and lowered as the water level 
decreases Three to five volumes of water shall be removed to provide reasonable 
assurance that all stagnant water has been evacuated. Once this is ~accomplished a 
bailer may be used to collect the sample for chemical analysis. 

-0 The inlet line of the sampling pump (or the submersiMe pump itself) shall be placed 
near the bottom of the screened section, and approximately one casing volume of 
water shall be pumped from the well at a rate equal to the well’s recovery rate. 

Stratification of contaminants may exist in the aquifer formation, both in terms of iB concentration 
gradients due to mixing and dispersion processes in a homogeneous.layer, and in layers of variable 
permeability into which a greater or lesser amount of the contaminant plume has flowed. Excessive 
pumping can dilute or increase the contaminant concentrations in the recovered sample compared to 
what is representative of the integrated water column at that point, and thus result in the collection 
of a non-representative sample. 

. 

5.2 SAMPIJNC, MONITORING, AND EVACUATION EQUIPMENT 

Sample containers shall conform with’EPA regulations for the appropriate contaminants. 

The following equipment shall be on hand when sampling ground water wells: 

l Samole oackaaina and shiodna eouioment Y Coolers for sample shipping and cooling, 
chemical preservatives, appropriate packing containers and filler, ice, labels and chain-of- 
custody documents. 

a Field tools and instrumentation T Thermometer; pH paper/meter; camera and film; tags; 
appropriate keys (for locked wells); engineers rule; water-level indicator; where 
applicable, specific-conductivity meter. 



- Shallow-well pumps-Centrifugal, pitcher, suction, or peristaltic pumps with droplines, 
air-lift apparatus (compressor and tubing) where applicable. 

- Deep-well pumpsahmersible pump and electrical power generating unit, or air-lift 
apparatus whereapplicable. 

l Other samdino eouiomett$ - Railers and monofilament line with tripod-pulley assembly (if 
necessary). Railers shall be used to obtain samples for volatile organia from shallow and 
deepgroundwat8rtilr 

l &&- Plastic, graduated. 

0 Decontamination klutionq-, Distilled water, Aknox, methanol, acetone. 

Ideally, sample wlthdmwal equipment shall be completely inert, economical, easily cleaned, 
sterilized, and reused, able to operate at remote sites in the absence of pier souses, and capable of 
delivering variable rates for well flushing and sample collection. 

5.3 W.CUlAllONS OFVUUlVOWME 

To insure that the proper v&m* of water has been removed from the well prior to sampling it is first 
necessary to know the volume of standing water in the well pipe. This volume can be easily 
calculated by the fdlowir@ method. Calculations shall be entered in the field logbook and on the 
field data form (AttachmentA): 

l Obtain all available information on well construction (location, casing, screens, etc.). 

l Determine well or casing diameter. 

l Measure and record static water level (depth below ground level ortop of casing reference 
point). 

0 Determine depth of wetl (if not known from past records) by sounding using a dean, 
decontaminatedweightedtapemeasure. 

l Calculate number of linear feet of static water (total depth or length of well pipe minus the 
depth to static water level). 

SUbjUt NbUltkr WF 
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0 Calculate one static well volume in gallons (V = 0.163Tr2). 

where: 

V = Static volume of well in,gallons. 
1 s Thickness of water table in the well measured in feet i.e., linear & of static 

water. 
= 

LB3 = 
inside radius of well casing in inches. 
A constant conversion factor which compensates for the conversion of the 
casing radius from inches to feet, the conversion of cubic feet to gallons, and 
pi. 

a Determine the minimum amountto be evacuated before sampiing. 

,5.4 EVACUATION OF STAllC WATER (PURGING) 

5.4.1 Geneml 

The amount of flushing a well shall receive prior to sample collection will depend on the intent of the 
monitoring program and the hydrogeologic condiions. Programs to determine ouenll quality of 
water resou~es may require .long pumping periods to obtain a sample that is representative of a 
large volume of that aquifer; The pumped volume may be specified prior to sampling so that the 
sample can be a composite of a known volume of the aquifer. Alternately the well can be pumped 
until the parameters such as temperature, electrical conductance, and pH have stabilized. Onsite 
measurements of these parameters shall be recorded on the field data form. 

For defining a contaminant plume, a representative sample of only a small volume of the aquifer is 
required. These circumstances require that the well be pumped enough to remove the stag~nt 
water but not enough to induce significant groundwater flow from other areas. Generally three to 
five well volumes are comidered effective for purging a well. 

The site hydrogeologist, geochemist and risk assessment personnel shall define the objectives of the 
groundwater sampling program in the Work Plan, and provide appropriate criteria ‘and guidance to 
the sampling personnel on the proper methods and volumes of well purging. 

5.43 Evecwtion Device 

The following discussion is limited to those devices commonly used at hazardous waste sites. 
AttachmentB provides guidance on the proper evacuation device to use for given sampling 
situatiom. Note that all of these techniques involve equipment which is portable and readily 
availa$le. 

5.43.1 Bailers 

Bailers are the simplest evacuation devices used and have many advantages. They generally consist of 
a length of pipe with a sealed bottom (bucket-type bailer) or, as is more useful and favored, with a 
ball check-valve at the bottom. An inert line is used to lower the bailer and retrieve thle sample. 

D-3-1 
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Advantages of bailers include: 

l Few limitatiom on size and materials used for bailers. 
l No external power source needed. 
l Bailers are inexpensive, and can be dediutrd and hung in a well to reduce the chances of 

cross-contamination. 
0 There is minimal outgaGng of vdatile organ& while the sample is in the bailer. 
l Bailers are relatively easy to decontaminate. 

Limitions on the use of bailers include the following: 

l It istime consuming to remove stagnant water using a bailer. 
l Tramfer of sample may cause aeration. 
l Use of bailers is physically demanding, especially in warm temperatures at protection levels 

abOwbwlD. 

5.422 Suction Pumps 

There are many different types of inexpansiw suction pumps including centrifugal, diaphragm, 
peristaltic, and pitdw pump Centrifugal and diaphragm pumps can be used for well evacuation at 
a fast pumping rate and for sampling at a low pumping rate. The pwistakic pump is a low volume 
pump (the&ore not suitable-for well purging) that uses rollers to squeexe a flexible tubing, thereby 
creating suction. This tubing can be dedicated to a well to prevent cross contamination. The pitcher 
pump is a common farm hand-pump. 

These pumps are all potie, inexpensiw and readily available. Houwwr, becausetheyare based on 
suction, their usa is restricted to areas with water I&s within 20to 25 feat of the ground surface. A 
significant limitation is that the vacuum created by these pumps can cause significant loss of dissolved 
gases and volatile organics. 
difficult to decontaminate. 

In addition, the complex internal components of these pumps may be 

5.U.3 GahiftSamplm 

This group of samplers uses gas pressure either in the annulus of the weil or in a venturi to force the 
water up a sampling tube. These pumps are also relatiwly inexpensive. Gas lift samplers are more 
suitable for well development than for sampling because the samples may be aerated, leading to pH 
changes and subsequent trace metal precipitation or loss of volatile organics. 

5.4.2.4 Submersible Pumps 

Submersible pumps take in water and push the sample up a sample tube to the surface. The power 
sources for these samplers may be compressed gas or electricity. The operation principles vary and 
the displacement of the sample can be by an inflatable bladder, sflding piston, gas bubble, or 
impeller. Pumps are available for 2inchdiameter wells and Ia-. Theso pumps can lift water from 
considerable depths (several hundred feet). 
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Limitations of this class of pumps include: 

l They may haw low delivery rates. 
l Many modeis of these pumps are expemiw. 
0 Compressed g8s or electric power is needed. 
l Sediment in water may cause clogging of the valves or eroding the impellers with some of 

these pumps. 
l Decontamination of internal components is difficult and time-consuming. 

5.5 SAMPlJNG 

5.3.1 *mDlincr Plrn 

The sampling approach consisting of the following, shall be developed as pan of the rOP prior to the 
field wok 

0 

Background and objectives of sampling. 

Brief description of area and waste characterikation. 

Identification of sampling locations, with map or sketch, and applicable well construction 
data (well size, depth, screened interval, reference elevation). 

Intended number, sequence volumes, and types of samples. lf the relative degrees of 
contamination between wells is unknown or insignificant, a sampling sequence which 
facilitates sampling logistics may-be followed. Where some wells are known or strongly 
suspected of being highly contaminated, these shall be sampled last to reduce the risk of 
cross-contamination between wells as a result of the sampling procedures. 

Sample preservation requirements. 

Wqrking schedule. 

List of team members. 

Listof observendndcontacts. 

Other information, such as the necessity for a warrant or permission of entry, requirement 
for split samples, access problems, location of keys, etc. 

0-33-4-90-1 
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5.53 Samolin Methods 

The collection of a groundwater sample is made up of the following steps: 

1. HSO or designee will first open the well cap and use volatile organic detection equipment 
(HNU or OVA) on the escaping gases at the well head to determine the need for respiratory 
protection. 

2. When proper respiratov protection has been donned, iound th+ well for total depth and 
water level (using clean equipment) and record these data in a well sampling data sheet 
(Attachment A); then calculate the fluid volume in the well pipe. 

3. Calculate well volume to be removed as stated in Section 5.3. 

4. Select appropriate purging equipment (see Attachment 6). tf l nolectric submenible pump 
withpackerischosen,gotoStep10. 

5. Lower purging equipment or intake into the well to a shoti distance below the water level 
and begin water removal. Collect the purged water and dispose of it in an acceptable 
manner. Lowar the purging device, as required, to maintain submergence. 

6. Measure rate of discharge frequently. A bucket and stopwatch are most commonly used; 
othertechniquaindudeusing pipetrajectorymethods,weir boxesorflowmeten. 

7. Obsem perlst&ic pump intake for degassing ‘bubbk’ IfbAbks are abundant and the 
intake is fully submerged, this pirmp is not suitable for collecting samples for volatile 
organia Never collect volatile organio samples using a vacuum pump. 

8. Purge a minimum of thmto-fiw casing volumes before sampling. In low permeability 
strata (i.e., if the well is pumped to dryness), one volume will suffice. 

9. lf sampling using .a pump, lower the pump intake to midscmn or the middle of the open 
section in uncased wells and collect the sample. lf sampling with a bailer, lower the bailer 
to sampling level before filling (this requires use of other than a ‘bucket-type’ bailer). 
Purged water shall be collected in a designated container and disposed of in an acceptable 
manner. 

10. (Par pump and packer -bly tiy). Lower assembly into well so that .packer is 
positioned just above the screen or open section and inflate. Purge a volume equal to at 
least twice the screened intewal or unscreened open section volume below the packer 
before sampling. Packers shall always be tested in a casing section above ground to 
determine proper infiation pressures for good sealing. 

11. In the event that recovery time of the well is very slow (e.g., 24 hours), sample collection 
can be delayed until the following day. If the well has been bailed early in the morning, 
sufficient water may be standin in the well by the day’s end to permit sample collection. If 
the well is incapable of producing a sufficient volume of sample at any time, take the 
largest quantity l vaitabie and record in the logbook . 

12. Add preservatiw if required. label, tag, and number the sample bottle(s). 

-_ 

. 

.__ 
_. : 
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13. Replace the well cap. Make sure the well is readily identifiable as the source of the 
samples. 

14. Pack the samples for shipping. Attach a custody seal to the front and back of the shipping 
package. Make sure that traffic reports and chain-of-custody forms are properly filled out 
and enclosed or attached. 

15. Decontaminate all equipment 

5.5.3 SamdeContaine~ 

For most samples and analytical parameters, either glass or plastic containers are satisfactory. 

5.5.4 Presenmtbn ot Samdes rnd Samds Volume Rsauirwneng 

Sample preservation techniques and volume requirements depend on the type and concentration of 
the contaminant and on the type of analysis to be performed. Procedure SF-l .2 describes the sample 
preservation and volume requirements for most of the chemicals that will be encountered during 
hazardous waste site’investigations. Procedure SA4.3 describes the preservation requirement for 
microbial samples. 

5.5.5 Handlina and fmmoortina Sam&s 

After collection, samples shall be handled as little as possible. lt is preferable to use self-contained 
‘chemical’ ice (e.g., “blue ice’) to reduce the risk of contamination. If water ice is used, it shall be 
bagged and steps taken to ensure that the melted ice does not cause sample containers to be 
submerged and thus possibly become cross-contaminated. All sample containers shall be enclosed in 
plastic bags or cans to prevent cross-contamination. Samples shall be secured in the ice chest to 
prevent mowment of sample containers and possible breakage. Sample packing and transportation 
requirements are described in SA-6.2. . 

5.5.6 Samole Holding limes 

Holding times (i.e. allowed time between sample collection and analysis) for routine samples are 
given in PIocedun SF-l .2. 

5.6 RECORDS 

Records will be maintained for each sample that is taken. The sample log sheet will be used to record 
the following information: 

l Sample identification (site name, location, project number; sample name/number and 
location; sample type and matrix; time and date; sampler’s identity). 

a Sample source and source description. 

a Purge data - prior to removal of each casing volume and before sampling, pH, electrical 
conductance, temperature, color, and turbidity shall be measured and recorded. 

D-33490-1 
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l Field obrtrvations and measurements (appearance; volatile screening; field chemistry; 
sampling method). 

l Sample disposition (preservatives added: lab sent to, date and time; lab sample number, 
EPA Traffic Report or Special A~lytical Services number, chain-of-custody number. 

0 Additional remarks - (e.g., sampled in conjunction with state, County, local regulatory 
authorities; samples for specific conductance value only; sampled for key indicator 
analysis; etc.). 

s.7 CHAIN-OF-CUSTODY 

Proper chain=of-custody procedures play a crucial role in data gathering. ProcedunSA-6.1 describes 
the rcrquirements for a correct chain-of-custody. 

6.0 - 

U.S. EPA, 1990. Procedures Manual for Ground Water Monitorina at Solid Waste Ditoosat Facilities. 
office of Solid Waste, United States Environmental won Agency, Washington, 0.C 

Johnson Division, UOP, Inc. 1975. Ground ater and Wells. A Reference Book for the Water Well 
Industrv, Johnson Division, UOP, Inc., Saint 21, Minnesota. 

8arceiona, M. J., 1. P. Gibb and R. A Miller, 1983. A auide to the Selection of Materials for Monitorinq . 
Well Constn~ct~on and G roundwater Samolina, ISWS Contrst Report 327, Illinois Sute Water Survey, 
Champaign, Illinois. 

Scalf, M. R., J. F. McNabb, W. J. Dunlap, R I.. Crosby and J. m, 1991. Manual of Ground Water 
$amdina Procedures. RS. Kerr Environmental Research Laboratory, Office of Research and 
Development, U.S. EPA, Ada, Oklahoma. 

Nielsen,D.M. and G. L Yeates, 1985. A Comoarison of Samdina Mechanisms Available for 
Small-Diameter Ground Water Monitorina Well& Ground Water IUbniing Review 5:83-g& 

7.0 AlTACHMENTS 

Attachment A- Well Sampling Data Shut 
Attachment 8 - Purging Equipment Selection 

.- 
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1.0 PURPOSE 

This procedure describes methods and equipment commonly used for collecting environmental 
samples of s&ace water and aquatic sediment for either on-site examination and chemical testing or 
for laboratory anaiysir 

20 SCOPE 

The information presented in this guideline is generally applicable to all environmental sampling of 
surface waters (Section 5.3) and aquatic sediments (Section 5.4), except where the anaiyte(s) may 
interact with the sampling equipment The collection of concentmted sludges or hazardous waste 
samples from disposal or process lagoons often requires methods, precautions and equipment 
different from those described herein. 

3.0 CLOSSABY 

Environmental Samole - low concentration sample typically collected offsite and not requiring DOT 
hazardous waste labeling or CLP handling as a high concentration sample. 

Hazardous Waste Sample - medium- to high-concentration sample (e.g., source material, sludge, 
leachate) requiring DOT labeling and CLP handling as a high concentration sample. 

Md Ooambts Leader - has overall respomibility for the correct im#ernentation of surface water 
and rudiment sampling acMties, induding review of the wmpling plan with, and any necessary 
training of, the sampling technician($). The actual cokction, pa&aging, documentation (sample 
label and log sheet, chainsfinrstody record, UP traffic reports, eta) and initial custody of samples 
will be the responsibility of the sampling technician(s). 

5.0 PROCEDURES 

5.1 INTkODUCnON 

Collecting a representative sample from surface water or sedimkts is difficult because of water 
movement, stratification or patchiness. To collect representative samples, one must standardize 
sampling bias related to site election; sampling frequexy; sample coiktion; sampling devices; and 
sample handling, pmsemtion, and identification. 

Representatiwness is a qualitative description of the degree to which an individual sample accurately 
refle$s population characteristics or parameter variations at a sampling point. lt is therefore an 
important quality not only of assessment and quantification of environmental threats posed by the 
she, but also for providing information for engineering design and construction. Proper sample 
location selection and proper sample collection methods are important to ensure that a truly 
representative sample has been taken. Regardless of scrutiny and quality control applied during 
laboratory analyses, reported data are not better than the confidence that can be placed in the 
npnwntitivenessofthesampk 
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53 DEHNINC THE SAMPLING PROGRAM 

Many factors must be considered in developing a sampling program for surface water or sediments 
including study objectives; accessibility; site topography; flow, mixing and other physical 
characteristics of the water body; point and diffuse sources of contamination; and personnel and 
equipment available to conduct the study. For waterborne constituents, dispersion depends on the 
vertical and lateral mixing within the body of water. For sediments, dispersion depends on bottom 
current or flow characteristics, sediment characteristics (density, size) and geochemical properties 
(which affect an adsorptiorQdesorption). The hydrologist developing the sampling plan must 
therefore, know not only the mixing characteristics of streams and lakes, but also Imust understand 
the role of fluviakedimenttmnsport, deposition, and chemical sorption. 

52.1 $ampiina Proomm Obiectives 

The objective of surface water sampling is to determine the surface water quality entering, leaving or 
remaining within the site. m scope of the Sampling program must consider ‘the soucyes and 
potential pathways for transport of contamination to or in a surface water body. Sources may include 
point sources (leaky tanks, outfalls, etc.) or nonpoim sources (e.g., spills). The major pathways for 
surface water contamination (not including airborne deposition are: (a) overland rurmoff; (b) lea&ate 
influx to the waterbody; (c)direct waste disposal (solid or liquid) in%o the water body; and 
groundwater flow influx from upgradient The relative impomnce of these pathways, and therefore 
the design of the sampling program, is controlled by the physiogmphic and hydrologic features of the 
site, the drainage basin(s) which encompass the site, and the history of site activities. 

Physiographic and hydrologic features to be considered include slopes and runoff direction, areas of 
temporary flooding or pooling, tidal effects, artificial surface runoff controls such as berms or 
drainage ditches (and when they were constructed relative to site operation), and locations of 
springs, seeps, marshes, etc. in addition, the obvious considerations such as the Location of man-made 
discharge points to the nearest stream (intermittent or flowing), pond, lake, estuary, etc., shall be 
considered. 

A more subtle consideration in designing the sampling program is the potential for dispersion of 
dissolved or sediment-associated contaminants away from the source. The dispersion could lead to a 
more homogeneous distribution of contamination at low or possibly non-detectable concentrations. 
Such dispenion does not, however, always readily occur. For example, obtaining a representative 
sample of contamination from a main stream immediately below an outfall or a tributary is difficult 
because the inflow frequently follows a stream bank with little lateral mixing for some distance. 
Sampling alternatives to overcome this situation are: (1) move the site far enough Idownstream to 
allow for adequate mixing, or (2)coiltct integrated samples in a cross section. Also, 
nonhomogeneous distribution is a particular problem with regard to sediment-associated 
contaminants, which may accumulate in low-energy environments (coves, river bends, deep spots, or 
even behind boulders) near or distant from the source while higher-energy areas (main stream 
channels) near the source may show no contaminant accumulation. 

The distribution of particuiates within a sample itself is an important consideration. Many organic 
compounds are only slightly water soluble and tend to be absorbed by particulate matter. Nitrogen, 
phosphorus, and the heavy mruis may also be transported by particuiates. Samples will be collected 
with a representative amountof suspended material; transfer from the sampling device shall include 
tmnsferring a proportionate amount of the suspended material. 

LI 
D-334-90-1 
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533 Location of kmoiina Stations 

Accessibility is the primary factor affecting sampling costs. The desirability and utility of a sample for 
analysis and description of site conditions must be balanced against the costs of collection as 
controlled by accessibility. Bridges or piers are the fim choic8 for locating a sampling station on a 
stream because bridges provide ready access and also permit the sampling technician to sample any 
point across the stream. A boat or pontoon (with an associated increase in cost) may be needed to 
sample locations on lakes and reservoirs, as well as those on larger rivers. Frequently, however, a boat 
will take longer to cross a water body and will hinder manipulation of the sampling equipment. 
Wading for samples is not recommended unless it is known that contaminant levels are low so that 
skin contact will not produce adverse health effects. This provides a built in margin of safety in the 
event that wading boots or other protecbve equipment should fail to function properly. If it is 
necessary to wade into the water body to obtain a sample, the sampler shall be careful to minimize 
disturbance of bottom sediments and must enter the water body d ownstwm of the sampling 
location. lf necessary, the sampling technician shall wait for the sediments to settle before taking a 
sample. 

Sampling in marshes or tidal areas may require the use of an all-terrain vehicle (AN). The same 
precautiom mentioned abow with regard to sediment disturbance will apply. 

Under ideal and uniform contaminant dispersion conditions in a flowing stream, the same 
concentmtiom of each would occur at all points along the cross section. This situation is most likely 
downstream of areas of high turbuier~e. Careful site selection is needed in order to ensure, as nearly 
as possible, that samples are taken where uniform flow or depasition and good mixing conditions 
exist 

The availability of streamflaw and sediment discharge records can be an important consideration in 
choosing sampling sites in streams Streamflow data in association with contaminant concentration 
data are essential for estimating the total contaminant loads carried by the stream, If a gaging 
station is not conveniently located on a selected stream, the project hydrologist shall explore the 
possibility of obtaining streamflow data by direct or indirect methods. 

B2B Eraauencv of kmdinq 

The sampling frequcmcy and the objectives of the sampling event will be defined by the work plan. 
For singi+event site- or ar4mchamcterixation sampling, both bottom material and overlying water 
samples shall k COIIWW a W wfhd sampling ~Wonl If valid data are available on the 
distribution of the contaminant wn the solid and aqueous phases it may be appropriate to 
sample only one phase, although this is not often recommended. If samples are collected primarily 
for monitoring purposes, consisting of rep&tive, continuing measurements to define variatiom and 
trends at a given location, water samples shallbe collected at a pre+stabiished and constant interval 
as specified in the work plan (often monthly or quarterly) and during droughts and floods. Samples 
of bottom material shall be collected from fresh deposits at least yearly, and preferably during both 
spring and fall seHoM. 

The variability in available waterquality data shall be evaluated before deciding on the number and 
collection frequency of samples required to maintain an effectjve monitoring program. 

0-334-90-1 
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53 SURFACE WATER SAMPLE COLLECIlON 

53.1 Streams, Rivers, Outfalls and Dminaoe Features (Ditches. Culverts) 

Methods for sampling streams, rivers, outfaiis and drainage features at a single point vary from the 
simplest of hand sampling procedures to the more sophisticated multipoint sampiling techniques 
known as the equal-width-increment (EWI) method or the equaidischargtincrement (EDI) methods 
(see below)” 

Samples from different depths or crou-scctio~l locatiom in the water course taken dluring the same 
. sampling episode shall be composited. However, samples collected along the length of the 

watercourse or at different times may refiect differing inputs or dilutions and therefore shall not be 
camposited. Generally, the number and type of samples to be taken depend on the river’s width, 
depth, discharge and on the suspended sediment the river’s transports The grealter number of 
individual points that are sampled, the more likely that the composite sample will truly represent the 
overall characteristics of the water, 

in small streams less than about 20 feet wide, a sampling site can generally be found where the water 
is well mixed. In such cases, a single grab sample taken at mid-depth in the center of the channel is 
adequate to represent the entire cross section. 

For larger streams, at least one vertical composite shall be taken with one sample each from just 
below the surface, at middepth, and just above the bottom. The measurement of DO, pH, 
temperature, conductivity, etc., shall be made on each l liquot of the vertical composite and on the 
composite itself. For rivers, several vertical composites shall be collected. 

5.3.2 Lakes. Ponds and Reservoirs 

Lakes, ponds, and reservoirs have as much greater tendency to stratify than rivers and streams. The 
relative lack of mixing requires that more samples be obtained. 

The number of water sampling sites on a lake, pond, or impoundment will vary with the size and 
shape of the basin. In ponds and small lakes, a single vertical composite at the deepest point may be 
sufficient Similarly, the measurement of DO, pH, temperature, etc., is to be conducted on each 
aliquot of the vertical composite. In naturally-formed ponds, the deepest point may have to be 
determined empirically; in impoundments, the deepest point is usually near the dam. 

In lakes and Larger reservoifi, several vertical composites shall be composited to form a single sample. 
These verticals are often taken along a transect or grid. In some cases, it may be of interest to form 
separate composites of epiiimnetic and hypoiimnetic zones. In a stratified Lake, the l pilimnion is the 
thermocline which is exposed to the atmosphere. The hypoiimnion is the lower, “confined” layer 
which is only mixed with the epilimnion and vented to the atmosphere during seasonal “overturn’ 
(when density stratification disappears). These two zones may thus have very different 
concentrations of contaminants if input is only to one zone, if the contaminants are volatile (and 
therefore vented from the l pilimnion but not the hypolimnion), or if the epilimnion only is involved 
in short-term flushing (i.e., inflow from or outflow to shallow streams). Normally, however, a 
composite consists of several verticals with samples coliected at various depths. 

In lakes with irregular shape and with bays and coves that are protected from the wind, separate 
composite samples may be needed to adequately represent water quality since it is likely that only 
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poor mixing will occur. Similarly, additional samples are recommended where discharges, tributaries, 
land use characteristics, and other such facton are suspected of influencing water quality. 

Many lake measurements are now made in-situ using sensors and automatic readout or recording 
devices. Single and mukiparameter instruments are available for measuring temperature, depth, pH, 
oxidation-reduction potential (ORP), specific conductance, dissolved oxygen, some catiom and 
anions, and light penetration. 

533 Estuaries 

Estuarim areas are by definition zones where inland freshwaters (both surface and ground) mix with 
oceanic saline waters. Estuaries are generally categorized into three types dependent upon 
freshwater inflow and mixing promes. Knowledge of the estuary type is necessary to determine 
sampling locations: 

0 Mixed estuary - characterized by the l bsena of a vertical halodine (gradual or no marked 
increase in salinity in the water column) and a gradual increase in salinity seaward. 
Typically this type of estuary is shallow and is found in major freshwater sheetfiow areas. 
Being well mixed, the sampling locations are not critical in this type of estuary. 

0 Salt wedge estuary - characterized by a sharp vertical increase in salinity and stratified 
freshwater flow along the sufface. In these estuaries the vertical mixing forces cannot 
override the density differehal between fresh and saline waters In effect, a salt wedge 
tapering inland moves horixontally, bade and forth, with the tidalphase. If contamination 
is being introduced into the estuary from upstream, water sampling from the salt wedge 
may miss it entirely. 

l * Dceanic estuey - characterized by salinities approaching full-strength oceanic waters 
Seasonally, freshwater inflow is small with the preponderance of the fresh-saline water 
mixing occurring near, orat the shore line. 

Sampling in estuarine areas is normally based upon the tidal phases, with samples collected on 
successive sladc tides (i.e. when the tide turns). Estuarine sampling programs shall include vertical 
salinity measurements at l-to S-foot increments coupled with vertical dissolved oxygen and 
templptureprDfilar 

53.4 Suhce Water Samdina Eouiomeq 

The selection of sampling equipment depends on the site conditions and sample type required. The 
most frequently used samplers are: 

. opentube 
0 Dipsampler 
l Hand pump 

l Kemmmr 
0 Depth-Integrating Sampler 

The dip sampler and the weighted bottle sampler are used most often. . 

D-33490-1 
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the criteria for selecting a sampler include: 

l Disposable and/or easily decontaminated 
l inexpensive (if the item is to be disposed of) 
l Ease of operation 
l Nonreactive/noncontaminating - Teflon-coating, glass, stainless steel or PVC sample 

chambers are preferred (in that order) 
: 

Each sample (grab or each aliquotcollected for compositing) shall be measured for: 

0 specific conductarKe 
0 Temperature 
. pH (optional) 
l Dissolved oxygen (optional) 

as soon as it is recovered. These analyses will provide information on water mixing/stratification and 
potential contamination. 

53.4.1 Dip Sampling 

Water is often sampled by filling a container either attached to a pole or held directly, from just 
beneath the surface of the water (a dip or grab sample). Constituents measured in grab samples are 
only indicative of conditions near the surface of the water and may not be a true representation of 
the total concentration that is distributed throughout the water column and in the cross section. 
Therefore, whenever possible it is recommended to augment dip samples with samples that represent 
both dissolved and suspended constituents and both vertical and horizoml distributions. 

5.3.4.2 Weighted Bottle Sampling 
: 

A grab sample can also ba taken using a weighted holder that allows a sample to be lowered to any 
desired depth, opened for filling, closed, and returned to the surface. This allows discrete sampling 
with depth. Several of these samples can be combined to provide a vertical composite. Attematively, 
an open bottle can be lowered to the bottom and raised to the surface at a uniform rate so that the 
bottle collects sample throughout the total depth and is just filled on reaching the surface. The 
resulting sample using either method will roughly approach what is known as a bepth-integmted 
sample. 

A closed weightad bottle sampler comists of a stopped glass or plastic bottle, a weight. and/or holding 
device, and lines to open the stopper and lower or raise the bottle. The procedure for sampling is: 

l Gently lower the sampler to the desired depth so as not to remove the stopper prematurely 
(watch for bubbles). 

l Pull out the stopper with a sharp jerk of the sampler line. 

a Allow the bottle to fill completely, as evidenced by tha absence of air bubbles. 

: 

D-334-90-l 
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l Raise the sampler and cap the bottle. 

l Decontaminate the outside of the bottle. The bottle can be used as the sample container 
(as long as original bottle is an approved container). 

53.43 Kemmwer 

If samptes are desired at a specific depth, and the parameters to be measured do not require a Teflon 
coated sampler, a standard Kemmerer sampler may be used. The Kemmerer sampler is a brass, 
stainless steel or acryfic cylinder with rubber stoppers that leave the ends open while being lowered in 
a meal position to allow free passage of water through the cylinder. ‘Messenger’ is sent down the 
line when the sampler is at the designated depth, to cause the stoppers to dose the cylinder, which is 
then raised. Water is removed through a valve to fill sample bottles. 

533 surface Water kmofina Techniaues 

Most samples taken during site investigations are grab samples. Typically, surface water sampling 
involves immersing the sample container in the body of watm however, the following suggestions 
anm~eto~pemun~tharampla~imda~nprcbw~~afri~conditiom: 

l 
. 

The most re~msentaQy samples are obtained from mid-channel at 0.6stream depth in a 
well-mixed stream.. 

l Even though the containers used to obtain the samples are previously laboratory cleaned, 
itis~gg~thrtt)H~mplecontlitwrkri~rtI~osKewirh~w~to~ 
sampled before the sample is taken. 

0 For sampling running water, it is suggested that the fam downstream sample be 
obtained first and that subseQuent samples be taken as one works upstream. Work from 
zones suspected of low contamination to zones of high contamination. 

l To sample a pond or other standing body of water, the surface area may be divided into 
grids. A series of samples taken frwn each grid is combined into one sample, or several 
grids are selected at random. 

0 Care should be taken to avoid excessive agitation of the water that results in the loss of 
volatile comtituents. 

. 

l When otiining samples in 40 mL septum vials for volatile organio, analysis, it is important 
to l xdude any air space in the top of the bottle and to be sure that the Teflon liner faces in 
after the bottle is filled and capped; The bottle can be turned upside down to check for air 
bubbles. 

l Do not sample at the surface, unless sampling specifically for a known constituent which is 
immiscible and on top of the water. Instead, the sample container should be inverted, 
lowered to the approximate depth, and held at about a 4Sdegree angle with the month of 
the bottle facing upstream. 

D-33490-1 
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5.4 SEDIMENT SAMPIJNG 

5.4.1 General 

Sediment samples are usually collected at the same verticals at which water samples were collected. if 
only one sediment sample is to be collected, the site shall be approximately at the center of water 
body. Generally, the coarser grained sediments are deposited near the headwaters of the reservoir. 
Bed sediments near the center will be composed of fintgrained materials which may, because of 
their lower porosity and greater surface area available for adsorption, contain greater concentrations 
of contaminants. The shape, flow pattern, bathometry (depth distribution), and water circulation 
patterns must all be considered when selecting sediment sampling sites. In streams, areas likely to 
have sediment accumulation (bends, behind islands or boulders, quiet shallow areas or very deep, 
low-velocity areas) shall be sampled while areas likely to show net erosion (high-velocity, turbulent 
areas) and suspension of fine solid materials shall be avoided. 

Chemical constituents associated with battam material may reflect an integration of chemical and 
biological processes. Bottom samples reflect the historical input to streams, lakes, and estuaries with 
respect to time, application of chemicak, and land use. Bottom sediments (especially fincgrained 
material) may act as a sink or reservoir for adsorbed heavy metals and organic contaminants (even if 
water column concentrations are below detection limits). tt is therefore important to minimize the 
loss of low-clens~hy “fines’ during any sampling process. 

5.43 Samolina Eauiwnent and Techniaues 

A bottom-material sample may consist of a single scoop or core or may be a composhe of several 
individual samples in the cross section. Sediment samples may be obtained using on-shore or 
off-shore techniques. 

When boats are used for sampling, life preservers must be provided and two individuals must 
undertake the sampling. An additional penon shall remain on-shore in visual contact at all times. 

The following samplers may be used to collect bottom materials: 

0 Scoop sampler 
l Dredge samplers 

5.4.2.1 Scoop Sampler 

A scoop sampler consists of a pole to which a jar or scoop is attached. The pole may be made of 
bamboo, wood or aluminum and be either telescoping or of fixed length. 
of the pole is usually attached using a clamp. 

The scoop or jar at the end 

If the water body can be sampled from the shore or if it can be waded, the easiest and “cleanest” way 
to collect a sediment sample is to use a scoop sampler. This reduces the potential for cross- 
contamination. This method is accomplished by reaching over or wading into the water body and, 
whiie facing upstream (into the current), scooping in the sample along the bottom in the upstream 
direction. It is very diffkult not to disturb fine-grained materials of the sedimentdwater interface 
when using this method. 

0-33904 
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5.433 Dredges 

Dredges are generally used to sample sediments which cannot easily be obtained using coring devices 
(i.e., coarsegrained or partially-cemented materials) or when large quantities of materials are 
required. Dredges generally consist of a dam shell arrangement of two buckeu. The buckets may 
either close upon impact or be activated by use of a messenger. Most dredges are heavy (up to 
several hundred pounds) and require use of a winch and crane assembly for sample retrieval. There 
are three major types of dredges: Peterson, Eckman and Ponar dredger 

The Peterson dredge is used when the bottom is rocky, in very deep water, or when the flow velocity 
4s high. The dredge shall be lowered very slowly 8s it approach bottom, because it can force out and 
miss lighter materials if allowed to drop freely. 

The Eckman dredge’ has only limited useful- lt perMrms well where bottom material is unusually 
soft, as when covered with organic sludge or light mud. tt is unsuitable, however, for sandy, rocky, 
and hrtdbattomrandistooiightforuwinstnams~highflaw~odti~ 

The Ponar dredge is a Peterson dredge modified by the addition of side plates and a screen on the top 
of the sample compartmenL The screen over the sample comp8Hment permits water to pass through 
the sampler as it descends thus reducing the ‘shock wave’ and permitting direct access to the secured 
sample without opening the dosed jaws. The Ponar dredge is easily opemted by one person in the 
same fashion as the Peterson dredge. The Ponar dredge is one of the most effective samplers for 
general use on all types of substraws Access to the secund rumple through the covering scram 
permits subsampling of the secured material with coring tubes or Teflon scoops, thus minimizing the 
change of metal contamination from tb frame oftb device. 
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7.0 AHACHMENTS 

None. 
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SAMPLE HANDLING 

1.0 PURPOSE 

This purpose of this procedure is to provide information on chain-of-custody, samlple preservation, 
packaging and shipping procedures to be used under the HALUBURTON NUS Program. 

2.0 SCOPE 

This procedun: 

l Describes the steps necessary for transferring samples through the use of Chain-of-Custody 
Records. 

e Describes the appropriate containers to be used for samples depending on the analyses to . 
k performed, and the steps necessary to preserve the samples when shlipped offsite for 
chemical analysis. 

l Provides instruction for sample packaging and shipping in accordance with 
U.S. Department of Transportation (DOT) regulations. 

3.0 GLOSSARY 

Chain-of-Custodv Record Form - A Chain-of-Custody Record Form is a printed two-pan form that 
accompanies a sample or group of sampies as custody of the sample(s) is transferred from one 
custodian to another custodian. 

The chain-of-custody form is a two-page carbon copy-type form. The original form ,accompanies the 
samples during shipment, and the carbon-copy is retained in the project file. 

Custodian - The person responsible for the custody of samples at a particular time,, until custody is 
transferred to another perron (and so documented), who then becomes custodian. A sample is under 
your custody if: 

l It is in your actual possession. : 
0 It is in your view, after being in your physical won. 
l It was in your physical possession and then you locked it up to prevent tampering. 
l tt is in a designated and identified secure area. 

Hazardous Material -A substance or material in a quantity and form which may pose rn unreasonable 
risk to health and safety or property when transported in commerce (“commerce’ here to include any 
traffic or transportation). Defined and regulated by DOT (49 CFR 173.2) and listed in Attachment A of 
this guideline. : 

Hazardous Waste - Any substance listed in 40 CFR Subpart 0 (~261.20 et seq.) or otherwise 
characterized as ignitable, corrosive, reactive, or EP toxic as specified under 40 CFR SubpattC 
(~261.20 et seq) that would be subject to manifest requiremenU specified in 40 CFR 262. Defined and 
regulated by EPA 

Markinq - Applying the descriptive name, instruction, cautions, weight, or specification marks or 
combination thereof required to be placed outside containers of hazardous materials. 

D-33-A-9GlRl 



SAMPLEHANDUNG 
I 

awision 

I 

EffectlvrD4n 
3 oima92 

a- Not otherwisa indicated. 

n-o-r, - Not otherwise spkfied. 

ORM - Other regulated material. 

Packaoinq - The assembly of one or more containers and any other components necessary to assure 
compliance with the minimum packaging requirements of 49CFR 174, induding containers (other 
than freight containers or overpacks), potible tanks, cargo tanks, tank cars, muli-unit tank car tanks. 

Placard - Color-coded, pictorial sign depicting thed hazard dass symbol and name to be placed on all 
four sides of a vehide transporting certain hazardous materiaN. 

l HO - Hydrochloric Acid 
l H2SO4- Sulfuric Acid 
0 HN& - Nitric Acid 
l NaOH - SodiumHydroxide 

Normalitv (Nl- Concentration. of a solution expressed as equivalent per liter, an equivalent being the 
amount of a substance containing 1 gram-atom of replaceable hydrogen or its equivalent Thus, a 
one-molar solution of HCI, containing 1 gnm-atom of H, is ‘one normal,’ while a onwnoiar solution 
of H2SO4 containing 2 gram-atoms of H, is *two normal.’ 

Reoortable Ouantitv (RQ1- A pamnthetical note of the form ‘(RQ-looo1454)’ following an entry in 
the DOT Hazardous Materials table (49CPR 172.101) indicates the reportable quantity of the 
substance in pounds and kilograms. If a spill of that amount or more of the substance occurs during 
transit or storage, a report must be filed with DOT according to y171.12c15 concerning hazardous 
materials incidents reports. If the material spilled is a hazardous waste, a report must always be filed, 
regardless of the amount, and must include a copy of tha manifest. If the RQ notation appears, it 
must be shown either immediately before or after the proper shippin name on the shipping paper (or 
manifest). Most shipping papers and manifests will have a column designated “HM’ which may be 
used for this purpose. 

Samole - A sample is physical evidence coilacted from a facility or the environment, which is 
rspnwnuti~ofconditiorrrat~pointand~methrtitwncoll~. 

49 RESPONSlRllJTlES 

Field Ocnrations Leader - Directly responsibie for the bottling, preservation, labeling, packaging, 
shipping, and custody of the samples uupto and including release to the shipper, 

. 

Field Samolerf - Responsible for initiating the Chain&CusWy Record, implementing the packaging 
and shipping requirements, and maintaining custody of samples until they are relinquished to 
l n6thw custodian or to the common carrier. 

. 
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SAM.PLE HANDLING 

5.0 PROCBDURBS 

5.1 SAMPLE IDENllRCAIlON AND CHAIN-OF-CUSTODY 

5.1.1 OVERVIEW 

A Chain-of-Custody Record is required, without exception, for the tracking and recording of all 
samples collected for onsite or offsite anaiysis (chemical or geotechnical) during program activities. 
Use of the Chain-of-Custody Record form creates an accurate written record that can be used to trace 
the possession and handling of the sample from the moment of io collection through analysis. 

5.13 $amde Identification 

The method of identification of a sample depends on the type o% measurement or analysis 
performed. When iwitu measurements are made, the data are recorded directly in bound logbooks 
or other field data records, with identifying information. 

Samples, other than in-situ measurements, are removed and transported from the sample location to 
a laboratory or other location for analysis. Before removal, however, a sample is often divided into 
portions;depending upon the analyses to be performed. Each potion is presenwd in accordance 
with the Sampling Plan. Each sample container is identified by a sample label (see Attadtment8). 
Sample labels are provided bythe PMO. The information recorded on the sample label includes: 

0 

0 

0 

0 

0 

0 

l 

0 

l 

0 

0 

Project: Site name or project number (obtained from the Site Manager). 

Station Location: The unique sample number identifying this sample (ran be obtained 
from the Sampling Plan). 

Data: A six-digit number indicating the day, month, and year of sample collection; . 
e.g., 120 l/85. 

Time: A fourdigit number indicating the 24hour time of collection (for example: 0954 is 
954 a.m., and 1629 is429 p.m.). 

Medium: Water, soil, sediment, sludge, waste, etc. 

Concentration: The expected concentration (i.e., low, medium, high). 

Sample Type: Grab or composite. 

Preservation: Type of preservation added and pH levels. 

Analysis: VOA, BNAs, PCBr, pesticides, metals, cyanide, other. 

Sampied By: Sampler’s initials. 

Remarks: Any pertinent additional information. 

Using justthe project number of the sample label maintains the anonymity of sites. This may be 
necessary, even to the extent of preventing the laboratory performing analysis from knowing the 
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iden@ of tht sitt (e.g., if the laboratory is part of an Organization that h8S ptffOnMd prcViOus work 
on the site). 

5.13 Chain4f-CusWdv Procedures 

Afttr colltction, separation, identification, and prtstWation, the samplt is maintaintd undtr 
chain-of-custody proctdures until it is in tht custody of tht analytical IabWaWry and has betn stortd 
or disposed of. 

5.13.1 Held Custody Procedures 

l Samples are colltcted as dtscribed in the h-sptcific Sampling Plan. Cart must & taktn to 
record precisely tht samplt location and to ensure that the sample number on tht label 
matchesthtsample log sheet and Chain=ofXustody Record exactly. 

l ’ Tht ptrson undmking the actual sampling in tht field is msponsible for the cart and 
custody of tht samples colltcted until they art properiytransftrrtd or dispatched. 

t Whtn photographs are taktn of tht sampling as part of tht documtntation proctdure, tht 
namt of tht ,photographtr, datt, timt, sitt lotion, and site dtscription are enttrtd 
sequentially in tht site logbook as photos art taktn. Once developtd, the photographic 
prints shall be serially number& cwrarpondingtothelogbookdescriptions. 

l Sampie labels shall bt completed for each sample, using waterproof ink unless prohibittd 
by weather conditions, e.g., a logbook notation would axplain that a pencil was used to fill 
out tht sample label because a ballpoint pen would not function in fretzing weathtr. 

S.133 Transfer of Custody l nd Shipment 

Samplts are accompanitd by a Chain-of-Custody Rtcord Form. Chain-of-Custody Rtcord Forms ustd 
art shown in Attachments 8. Tht appropriate fom! shall bt obtrintd from the EPA Rtgional Office. 
Whtn transftrring tht -on of nmpits, the individuals rtiirquishing and receiving will sign, 
dttt, and note tht timt on tht Rtcord. This Record documtnts samplt custody transfer from the 
sampler, often through anothtr ptrson, to tht anal* in tht Iabomtofy. The Chain-of-Custody 
Rtcord is filltd outasfollam: 

t Enter headtr information (project numbtr, samplers, and project ntmt - projtct ntmt if 
apr-=d by SW- 

t Sign, date, and entertht time undtr “Relinquished by’ tntry. 

t Enttrstation number. . 

l Chtck composite or grab sample. 

a Enter station location number (tht same numbtr as the station location on tht. 
” 

l Enter tht total number of containers ptrstation number l d- the typt of each bottle. 

D-33490-11111 
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l 

0 

0 

0 

0 

Make sure that the person receiving the sample signs the “Received by’ l mry, or enter the 
name of the carrier (e.g., UPS, Federal Express) under “Received by.’ Receiving laboratory 
will sign “Received for laboratory by’ on the lower line and enter the date and time. 

Enter the bill-of-iading or Federal Express airbill number under ‘Remarks, in the bottom 
right corner, if appropriate. 

Place the original (top, signed Copy) of the Chain-of-Custody Record Form in the 
appropriate sample shipping Package. Retain the carbon copy with field records. 

Sign and date the custody seal, a I- by Einch white paper label with black lettering and an 
adhesive backing. Attachment F is an example of a custody seal. The custody seal is part of 
the chain-of-custody process and is used to detect amparing with samples after they have 
been collected in,the field. Custody seals are provided by the Sample Cooridinator on an 
asdleededbasis. 

Place the seal across the shipping container opening so that it would be broken if the 
container is opened. 

Complete other carrier-required shipping papers, 

The custody record is completed using black waterproof ink Any correctiom are made by drawing a 
line through and initialing and dating the change, then entering the correct infomlation. ‘Erasures 
are not permitted. 

Common carriers will usually not accept respomibility for handling Chain-of-Custody Record Forms; 
this necessitates packing the record in the sample container (enclosed with other documentation in a 
plastic z+lock bag). As long as custody forms are sealed imide the sample container and the custody 
seals are intact, commercial carriers are not required to sign off on the custody form. 

If sent by mail, the Package will be registered with return receipt requested. 
carrier or air freight, proper documentation must be maintained. 

If sent by common 

The laboratory representative who accepts the incoming sample shipment signs’ and dates the 
Chain-of-Custody Record, completing the sample. transfer process. it is then the laboratory’s 
respomibility to maintain internal logbooks and custody records throughout sample preparation and 
analysis. 

5.2 SAMPLE PRESERVATION 

5.2.1 Overview 

Different types of chemicals react differently with sample containers made of vhiouis materials. For 
example, trace metals adsorb more strongly to glass than to plastic, while many organic chemicals 
may dissolve various types of plastic containers. It is therefore criticat to select the correct container in 
order to maintain the quality of the sample prior to analysis. 

Many water and soil samples are unstable, and therefore require presewation when the time interval 
between field collection and laboratory analysis is long enough to produce changes in either the 
concentration or the physical condition of the constituent(s) requiring analysis. While complete and 

D-33490.l/R1 
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imme&le preservation of samples is not possible, preservation does retard the chemical and 
biological changes that inevitably take place after the sample is collected. 

Preservation techniques are usually limited to pH control, chemical addition(s) and refrigeration/ 
freezing. Their purpose is to (1) retard biological activity, (2)retard hydrolysis of chemical 
compound/complexes, (3) reduce constituent volatility, and (4) reduce adsorption effects. 

f.22 5amole Containers 

For most samples and analytical parameters either glass or plastic containers are satisfactory. In 
general, if the analytefs) to be determined is organtc in nature, the container shall be made of glass. 
If the analyte(s) is inorganic, then the container shall be plastic Since container specification will 
depend on the analyte and ulmple matrix types (as indicated in Attachment 0) duplicate samples 
shall be taken when both organic and inorganic analyses are required. Containers shall be kept in the 
dark (to minimize biological or photooxidatioh@hotolysis breakdown of constituent) until they reach 
the analytical laboratory. The sample container shall l (low approximately 5-lo percent air space 
(‘ullage’) to allow for l xpansioruvaporixation if the sample is heated during transport (1 liter of 
water at 4% expands’ by 15 mC if heated to 13VFI55%), however, head space for volatile organic 
analyses shall be omitted. 

Generally, the analytical laboratory shall provide containers that have been cleaned according to 
U.S. EPA procedures. Suffideht lead time shall be allowed for a final delivery of all bottle orders. 

Once opened, the container must be used at once for storage of a particular sample. Unused but 
opened containers an to be considered contaminated and must be discarded; because of the 
potential for introduction of contamihation, they cannot be recfosed and saved for later use. 
Likewise, any unused containers which appear cohtamineted upon receipt, or which are found to 
have loose caps or missing Teflon liner (if required forthe container) shall be discarded. 

General sample container and sample volume requirements are listed in Attachment 0. Specific 
container requirements are listed in Attaehmeht 5. 

5.23 Presewetioh Technioue5 

The presewatlon techniques to be used for various analytes are listed in AttachmentsO and E. 
Reagents required for sample preservation will either be added to the sample containers by the 
Iabomtory prior to their shipment to’the Field or added in the Field. In gerteial, aqueous samples of 
low concentration organics (or soil samples of low or medium concentration organic@ are cooled to 
4% Medium concmtmtion aqueous samples and high haxard organ& sample are not preserved. 
Low concentration aqueous samples for metals are acidified with HN@, while medium concentration 
and high haxard aqueous metal samples are not presewed. Low or medium concentration soil 
samples for mataIr are cooled to 4% while high hazard samples are not preserved. 

The following subsectiom describe the procedures for preparing a&adding chemical preservatives. 
Attachments D and E indicate the specific analytes which require these presewatives. 

i. 

. 
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523.1 Addition of Acid (HaSOb HCl, or HNO3) or Bare 

Addition of the following acids or bases may be specified for sample preWVatiOn,; these reagents 
shall be analytical reagent (AR) grade and shall be diluted to the required concentrat,ion with double 
distilled, deionized water in the laboratory, before Field sampling commences: 

Concentration 

l Amount of acid to add (at the specified strength) per liter of water to reduce the sample 
pH to less than 2, assuming that the water is initially at pH 7, and is poorly buffered and 
does not contain particulate matter. 

l * lo raise pH of 1 liter of waterto 12. 

The approximate volumes needed to acidify one liter of neutral water to a pH of less than 2 (or raise 
the pH to 12) are shown in the last column of the above table. These volumes are only approximate; 
if the water is more alkaline, contains inorganic or organic buffers, or $ontaim suspended paticles, 
more acid may be required. The fill pH must be checked using nsrrow-range pH paper. 

Sample acidification or base addition shall proceed as follows: 

l Check initial pH of sample with wide range (O-14) pH paper. 

l Fill sample bottle to within 5-10 mL of final desired volume and add a@out l/2 of estimated 
acid or base required, stir gently and check pH with medium range pH paper (pHO-6 or 
pH 7.514, respectively). 

l Add acid or base a few drops at a time while stirring gently. Check for final pH using 
narrow range (O-2.5or 11-13, respe&vely) pH paper; when desired pH is reached, cap 
sample bottle and seal. 

Never dip pH paper into the sample; apply a drop of sample to the pH Paper using the 
stirring rod. 

5.2.3.2 Cyanide Preservation 

Pre-sample preservation is required if oxidizing agents such as chlorine are suspected to be present. 
To test for oxidizing agents, place a drop of the sample on Kl-starch paper; a blue colior indicates the 
need for treatment. Add ascorbic acid to the sample, a few crystals at a time, until a drop of sample 
produces no color on the Kl-starch paper. Then add an additional 0.6 g of ascorbic acid for each liter 
of sample volume. Add NaOH solution to raise pH to greater than 12 as described in 5.2.3.1. If 
oxidizing agents are not suspected, add NaOH as directed. 

D-33-4-90-1 Rl 
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523.3 Sulfide Pmsewation 

Samples for sulfide analysis must be presewed by addition of 4drops (0.2mL) of 2N zinc acetate 
solution per 100 mL sample. The sample pH is then raised to 9 using NaOH. The 2N zinc acetate 
solution is made by dissolving 220g of zinc acetate in 870mL of distilled water to make 1 liter of 
solution. 

523.4 Presewation of Organic kmples Containing Residual Chlorine 

Some organic samples containing residual chlorine must be treated to remove this chlorine upon 
collection (see AttachmentA). Test the samples for residual chlorim using EPA Methods 330.4 
or 330.5 (Field Test Kits are available for this purpose). If residual chlorine is pmsent, add 0.008% 
sodium thiosulfate (80 mg per liter of sample). 

5.2.3.5 Field filtration 

When the objective is to determine concentration of dissolved inorganic constituents in a water 
system, the sample must be filtered through a non-metallic 0.4knicron membrane filter immediately 
after collection. A filtration system is recommended if large quantities of samples must be filtered in 
the field. The filtration system shall consist of a 8cKhner funnel inserted into a singlchole rubber 
stopper, sized to form a seat when inseRed into the top of a vacuum filter flask equipped with a 
single ride arm. Heavy-wall Tygon tubirrg shall be atta&ed to the single side arm of the vacuum filter 
flask and the suction port of a vacuum pump. The stem of the B&hner furmel shall extend below the 
level of the side arm of the vacuum filter flask to prevent any solvent from entering the tubing 
leading to the vacuum pump. Before filtration, the filter paper, which shall be of a size to lay flat on 
the funnel plate, shall be wetted with the solvent in order to ‘seal’ it to the funnel. Slowly pour the 
solvent into the funnel and monitor the amount of solvent entering the vecuum filter flask. When 
the rate of solvent entering the flask is reduced to intermittent dripping and the added aliquot of . 
solvent in the funnel has passed through the filter, the used filter paper shall be replaced with new 
filter paper. If the solvent contains a high percentage of suspended solids, a coarser-sired 
nonmetallic membrane filter may be used Prior to usage of the 0.4knicron membrane filter. This 
.prefiltering’ step may be necessary to expedite the filtration procedure; Discard the first 20to 
50 mL of filtrate from each sample to rinse the filter and filtration appemtus to minimize the risk of 
altering the composition of the samples by the filtering operation. For analysis of dissolved metals, 
the filtrate is collected in a suitable bottle (see Section 5.2.2) and is immediately acidified to pH 2.0 or 
less with nitric acid whose purity is consistent with the measurement to be made. Inorganic anionic 
constituents may be determined using a potion of the filtrate that has nat been uidified. 

Samples used for determining temperature, dissolved oxygen, Eh, and pH’should not be filtered. Do 
not use vacuum filtering prior to determining carbonate and bicarbonate concentration because it 
removes dissolved carbon dioxide and axpour the sample to the atmosphere. Pressure filtration can 
be done using water pressure from the well. If gas pressure is required, use an inert gas such as argon 
or nitrogen. 

Do not filter samples for analysis of volatile organic compounds. If ‘samples are to be filtered for 
analyzing other dissolved organic constituents, use a glau-fikr or metal-membrane filter and collect 
the samples in a suitable container (see @ctlon 52.2). Because most organic analyses require 
extraction of the entire sample, do not discard arty of it After filtering, the membrane containing the 
suspended fraction can be sealed in a glass container and analyxed separately as soon as practicable. 
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Total recoverable inorganic constituents may be determined using a second, unfiltered sample 
collected at the same time as the sample for dissolved constituents. 

5.3 SAMPLE PACKAGING AND SHIPPING 

53.1 btroduction 

Samples collected for shipment from a site shall be classified as either environmental or hazardous 
material (or waste) samples. In general, environmental samples are collected off-site‘(for example 
from streams, ponds, or wells) and are not expected to be grossly contaminated with high levels of 
hazardous materials. Omite samples (for example, soil, water, and materials from drums or bulk 
storage tanks, obviously contaminated ponds, lagoom, pools, and Ieachates from waste sites) are 
comidered haxardous. A distinction must be made between the two types of samples in order to: 

l Determine appropriate procedures for transportation of samples. If there is any doubt, a 
sample shall be considered haxardous and shipped accordingly. 

l Protact the health and safety of tramport and labomtory personnel receiving the samples. 
Special precautiom are used by the shipper and at laboratories when hazardous materials 
are received. 

5.3.2 Environmental 5amoles 

5.3.2.1 Packaging 

Environmental samples are packaged as foll&vsz 

l Place sample container, properly identified and with a sealed lid, in a polyethylene bag, 
and seal the bag. 

l Place sample in a cooler constructed of sturdy material which has been lined with a large 
polyethylene bag. 

l Pack with enough noncombustible, absorbent, cushioning materials (bottles shoulders if 
ice is required) to minimize the possibilityof the container breaking. 

l If cooling is required (see Attachments D and E), place ice in zip-lock bags, on container lids 
(minimum of 8 Pounds of ice for a medium size cooler). 

l Seal large bag. 

l Seal or close outside container. 

53333 Marking/Labeling ’ 

5ample containers must have a completed sample identification tag and the outside container must 
be marked -Environmental Sample.’ The appropriate side of the container must be marked ‘This 
End Up’ and arrows placed appropriately. No DOT marking or labeling. are required. 

D-33490.l/R1 
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53.293 Shipping Papers 

No DOT shipping papers are required. However, the appropriate chain-of-custody forms must be 
included with the shipment 

5.3.2.4 Transportation 

There are no DOT restrictiomon mode oftransportrtion. 

5.23 Determination of Shiooina CI&fiUtion fW HatsKious Material Samde 

Samples not determined to be environmental samples, or samples known or expected to contain 
hazardous materials, must be considered hazardous material samples and transported according to 
the requirements listed be+. 

53.3.1 KnownSubstances 

If the substance in the sample is known or can be identified, package, mark, label and ship according 
to the specific instructiom for that material (if it is listed) in the DOT Hazardous Materials Table, 
49ffR 172.101. 

Unz and Company have published the following steps to help in locating a proper shipping name 
from the Hazardous Materials Table, 49 CFR l72.101. 

1. Look first for the chemical or technical name of the material, for example, ethyl alcohol. 
Note that many chemicals have more than one technical name, for example, 
perchlomethylene (not listed in 172.101) is also called tetrachlomethylene (listed 172.101). 
It may be useful to consult a chemist for all possible technical names a material can have. If 
your material is not listed by its technical name then. . . . . . . 

2. Look for the chemical family name. For example, pentyl alcohol is not listed but the 
chemical family name is: alcohol, n.o.s. (not otherwise specified). Ifthe chemical family 
nameisnotlistedthen. . . .,. .‘. . . 

3. Look for a generic name based on end use. For example, Paint, n.o.8 or Fireworks, n.o.8. If 
aqmaric~me~onaml~isnotlirudthm.. . . . . . . . 

4. Look for a generic family name based on end use, for example, drugs, n.o.s. or cosmetics, 
n.o.s. Finaiiy, if your material is not listed by a generic family name but you suspect or 
know the material is hazardous because it meets the definition of one or more hazardous 
dasses,then. . . . . . . . . 

5. You will have to go the the general hazard dass for a proper shipping name. For example, 
flammable Liquid, n.o.s, or Oxidizer, n.o.8. 

5.3.3.2 Unknown Substances 

For samples of hazardous substances of unknown content, select the appropriate tramportltion 
category ucording to the Dot Hazardous Materials Classification (Attachment F), a priority system of 
trampoRation categories 
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the correct shipping classification for an unknown sample is selected through a process of 
elimination, utilizing Attachmentf. Unless known or’ demonstrated othenrvise (through the use of 
radiation survey instruments), the sample is considered radioactive and appropriate shipping 
regulations for “radioactive material” followed. 

If a radioactive material is eliminated, the sample is considered to contain ‘Poison A’ materials 
(Attachment G), the next classification on the list DOT defines ‘Poison A’ as extremely dangerous 
poisonous gases or-liquids of such a nature that a very small amount of gas, or vapor of the liquids, 
mixed with air is dangerousto life. Most Poison A materials are gases or compressed gases and would 
not be found in drum-type containers. Liquid PoiinA would be found only in closed containers; 
however,all samples taken from closed drums do not have to be shipped as Poison A,, which provides 
for a ‘worst case” situation. Raeed upon information available, a judgment must be Imade whether a 
sample from a closed container is a Poison A 

If Poison A is eliminated as a shipment category, the next two classifications are “flammable’ or 
anonflammaMe* gases. Since few gas samples are collected, Vlammable liquid’ would be the next 
applicable category. . With the elimination of mdioactive material, Poison A, flammable gas, and 
nonflammable gas, the sample can be classified as flammable liquid (or solid) and shipped 
accordingly. These procedures would also suffice for shipping any other samples ciassified below 
flammable liquids in the DOT classification table (Attachment F). For samples containing unknown 
materials, categories listed below flammable liquids/solids on Attachment F are gemrally not used 
because showing that these materials are not flammable liquids (or solids) requires flashpoint testing, 
which may be impractical and possibly dangerous at a site. Thus, unless the sample is known to 
consist of materials listed as less hazardous than flammable liquid (or solid) on Attachment F, it is 
considered a flammable liquid (or solid) and shipped as-such.. 

For any hazardous material shipment, utilize the shipping checklist (Attachment H) as a guideline to 
ensure that all samplehandling requirements are satisfied. . 

53.4 PACKAGING AND SHIPPING OF SAMPL5S CLASUREO AS FLAMMABLE LlQUlD (OR SOLID) 

53.4.1 Packaainq 

Appiying the word ‘flammable’ to a sample does not imply that it is in fact flammable. The word 
prescribes the class of packaging accordmg to DOT regulations. 

1. Collect sample in the prescribed container with a nonmetallic, Teflon-lined screw cap. lo 
prevent leakage, fill container no more than 90 percent full. 

.2. Complete sample label tag and attach securely to sample container. 

3. Seal container and place in 2-mil-thick (or thicker) polyethylene bag, one sample per bag. 
Position sample identification label so that it can be read through bag. Seal bag. 

4. Place sealed bag inside metal can and cushion it with enough noncombustible, absorbent 
material (for example, vermiculite or diatomaceous earth) between the bottom and sides 
of the can and bag to prevent breakage and absorb leakage. Pack one bag per can. Use 
clips, tape, or other positive means to hold can lid securely, tightly and permanently. Mark 
can as indicated in Paragraph 1 of Section 5.3.4.2, below. 

D-33490-ml 



5. place one or more metal cans (6r single l-gallon bottie) into a strong outside container, 
such as a metal picnic cooler or a DOT-approved fiberboard box. Surround cans with 
noncombustible, absorbent cushioning materials for stability during transport. Mark 
container as indicated in Paragraph 2 of kctiOll5.3.4.2. 

53.43 Markino/labelinq . 

1. Use abbreviations only where specified. Place the following information, either 
hand-printed or in label form, on the metal can (or l-gallon bottle): 

0.’ Laboratorynameand address 

0 ‘Flammable Liquid, n.o.8. UN1993’ or ‘FlammakeSolid, n.o& UN1325.’ 

Not otherwise specified (n.o.s) is not used if the flammable liquid (or solid) is identified. Then the 
name of the specific material is listed before the category (for example, Acetone, Flammable Liquid), 
followed by its appropriate UN number found in the DOT Hazardous Materialstable (49 CFR 172.101). 

2. Place ail information on outside shipping container as on can (or bottle), specifically: 

0 Propershipping name. 
l UN or NA number. . . 
0 Roper lab&h 
l Addresseeand sender. 

Place the following labeis on the outside hipping contai- ‘Cargo Aircraft Only’ and 
Wammabie Liquid’ (or ‘Flammable 5oiid’). *Dangerous When Wet’ label shall be used if 
the solid has not been exposed to a wet environment ‘Laboratory Samples’ and ‘THIS 
SIDE UP’ or ‘THIS END UP shall also be marked on the top of the outside container, and 
upward-pointing arrows shall be placed on all four sides of the container. 

53.43 Shiooina Paoer5 

1. Use abbreviations only where specified. Complete the carrier-provided bill of lading and 
sign certification statemen+ Provide the following information in the order listed (one 
formmayk~formorrthrn~exterior~inw). 

0 ‘Flammable Liquid, n.o.s. UN1993’ or ‘Flammable Soiid, n.o.r UN1325.’ 

a ‘Limited Quantity’ (or ‘Ltd. Qty.“). 

0 “Cargo Aircmft Only.” . 

l Net weight (wt) or net volume (vol), just before or just aker ‘Firmmabie Liquid, n-o-s.’ 
or ‘Flammable Solid, n.o.s.,’ by item, if more than one metal can is inside an exterior 
container. 

0 ‘Laboratory Samples’ (if opplia~ie). 
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2. 

3. 

5.3.4.4 

1. 

: 

2. 

Include Chain-of-Custody Record, properly executed in outside container. 

‘Limited Quantity” of ‘FlammaMe Liquid, n-o-s.* is limited to one pint per inner container. 
For .Fiammable Solid, n.o.s.,@ net weight of inner container pIus sample shall not exceed 
one pound; total package weight shall not exceed 25 pounds. 

TransoortMion 

Transport unknown hazardous substance samples classified as flammable liquids by rented 
or common carrier truck, railroad, or express overnight package services. Do not transport 
by any passenger-carrying air transport system, even if they have cargo-only aircraft. DOT 
regulations permit regular airline cargwnly aircraft, but diff&&ies with most SUQQW 

avoiding them. Instead, ship by airline carriers that only carry cargo. 

For tram by government- vehicle, induding aircraft, DOT regulations do not 
apply. However, procedures described above, with the exception of execution of the bill of 
lading with certification, shall still be used. 

6.0 REFERENCES : 

American Public Health Association, 1981. Standard Methods for the Examination of Water and 
Wastewater. 15th Edition. APHA, Washington, DC. 

U . 5. Department of Transportation, 1983. Hsxardous Materials Regulations, 49 CFR 17 1-l 77. 

U.S. EPA, 1984. “Guidelines Establishing Test Procedures for the Analysis of Pollutants under Ciean 
Water Act.” Federal Register, Volume 49 (209), October 26,19B4, p. 43234. 

U.S. EPA, 1979. Methods for Chemical Analvsis of Water and Wastes. iPA-6OW4-79-020. 
U.S. EPA-EMSL, Cincinnati, Ohio. 

7.0 ATTACHMENTS 

Attachment A - Sample Label 
Attachment B - Chainsf-Custody Record Form 
Attachment C - Chain-of-Custody Seal 
Attachment D - General Sample Container and Preservation Requirements CERCWRCRA Samples 
Attachment E - Required Containers, Preservation Techniques, and Holding Times (sheets) 
Attachment F - DOT Hazardous Material Classification (49 CFR 173.2) 
Attachment C - DOT List of Class ‘A” Poisons (40 CFR 172.101) 
Attachment H - Hazardous Materials Shipping Checklist 
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PROJECT: 

STATION LDCATION: 
DATE: / / TIl4E: tits. 
MEDIA: WATER I3 SOIL q SEDIMENT q n 
CONCENTRATION:- LOU 0 
TYPE: 6RAB 0 

ANALYSIS 
VOA 0 BNAs 0 
PCBs [II PESTICIDES 0 1 HN03 to pH <2 : 
METALS: TOTAL q DISSOLVED Cl1 NaOH to ptb12 El 
CYANIDE b - 
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Sampled by: 

Case No. 

Ranarks: 

Traffic Report No.: 
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AlTACHMENTE 

REQUIRED CONTAINERS, PRESERVATlON IECHNIQUUAND HOLDING TIMES 
, . 

Parameter NumbwName COflWllWd’) 
Maxtmum Hofdmg 

Tim- 

INORGANIC TESTS: 

Acidity P.G Icoowc rrdays 

Alkalinity P,C cook= 14days 

Ammonu P.G cooL4xn$o,too2 26 days 

aiochemioi oxygen Delmnd ?*C cod.= 4ahoun 

Bromide ?,G Noneremfed I26d8ys 

eiochemiarollygenDemwd.c8rboruaour P,C co0l.K ~4shoun 

alemid onygen Demmd PVC ~coowcn~,topnt I2sdays 
I 1 

alloride P.G None mm&ad 28 days 

allorine. Total Residwl P.G None required Andyxe immediately 

P.G bol*4T 48houn 

Cydde, Total and Amenabkto Chlorirurion cooI.K,NaonmpH 12. 
. P,.G 

0.6gascwbic- 14w 

Ruoride P None rewind 26 days 

- Hwdne% ?.G n~mon2,&604~o2 (bmonths 

nvdroom bn (PH) P.G piomraquifd I Analyze immediatdy 

Kjeldahl and Organic NiWo6en P.G Cooh4’C.H2S0,tovH2 I26days 

Nm P.G NoneNquimd 48 houn 

NWitfW P.G Cool,4X.H2S0.~pH2 26 days 

Nii P,G cool,= 4ahoun 

Oil kGm G CooL4’Ce~~,to~H2 28 days 

OrganicCwbon P.G Coal,4CH~aHzS0.to~2 428 days 

o*oPf=Ph- P.G Fibrimmedi8tdy,Cool4% 48 hours 

OxyQen. Dim 1 C: Bottle8rdtop Nowrewind Andy28 immediately 

Oxygen, DiiWinkkr 1 G BotUemdtop @consitowtdstoroindmrk lhoun 

Phenol I G Cool.4TH2S0,to~2 28 days 

PhorOharur Gkmental) G CooLa 48 hours 

Pha&vorus, Total P.G cool.4YvH~so~mpn2 w 28 days 

Residue. Total P.G COOLS f&Y, 

Residue. Fitterable P.G cookor 48 hours 

Resdue. Nonfilter~Me 0 P.G cod.4T 7&r 

Resldue.selthabie P.G cod.= 48 houn 

Residue. Vobtik P.G cool*@c 7dw 

silica P coo&Fc atiyr 

smaficconducmna P,G COOL= adw 

-- 

-. 
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ammeter NumkrlN8me Contaimd~~ pnuw, 

INORGANIC TESTS Kont’d): 

METAL&~ 

Chromium VI 

f-=ry 

Metals, l xapt Chromium VI and Mwcufy 

P,G c0d.m 

P.G nruq-pnr 

P,G HNQtopti2 

ORGANIC TESTS:@) 



AITACHMENTE 
REQUlm CONTAINERS, PRESERVATION TECHNIQUES, AND HOlDlNG TIMES 
PAGE THREE 

Parametw NumbwNamo contaimr(‘) 
Maximum Holdq 

Tim* 

PEsna0Es7Esrs: 
7 days until exmctm; 
40 days after l xtr8ction 

‘RADloLoGKALTEsls: 
1-s Alpha. beta and radium I P.G H-too2 6months I 
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1. 

2. 

3. 

4. 

5. 

6 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

AnAOlMENTF 

DOT HAZARDOUS MATERIAL CWSSIRcATIoN 
(49ORl73.2) - 

Radioactive material (except a limited quantity) 

Pqison A 

Flammable gas 

Nonflammablegas . * 

Flammable liquid 

Oxidizer 

Flammrbie Solid 

Corrosive material (liquid) 

PoisonB 

Corcosive material (solid) 

irritating material ’ 

Combustible liquid (in containers having capacities 
exceeding 110 gallons 1416 liters]) 

ORM-8 

ORM-A 

Combustible liquid (in containers having capacities of 
110 gallons [416 liters] or less) 

ORM-E 

D-33490-l/R1 
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007 US’T OF CUSS ‘A’ POISON (49 CFB InlOt) 

Material 
Physical State at 

Standard 

Temperature 

Amine Gas 

Bromoacetone Liquid 

Chloropicrinand mrrhyl chloride mixture I- 
Chhopicrin and nonflammable,nonliquefied 
compressed gasmixture 

Cyanogen chloride Gas(>13.1’CI 
. 
Cy-9- w 

Gas identification set 
r 
Gelatin dynamite (H. E. Germaine) 

Grenade (with Poison ‘A’ g8scharge) 

Hexaethyl tetraphosp@W compmsed ~8smixtufe Gas 

Hydrocyanic (prussic) acid solution . Liquid 

Hydrocyanic acid, liquefied Gas 

Insecticide (liquefied) gas containing Poison ‘A’ or Gas 
Poison l Bo muterial 

r 
Methyldichloroaoine Liquid 

Nitric oxide 

Nitrogen peroxide Gas 

NitroBen tetmxide GW 

Nitrogen dioxide, liquid . Gas 

Parathionkompresed gas mixture Ggs 

Phosgene (diphosBene) liquid 

P334-90-l/u1 
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A‘ITACHMENTH 

HAZARDOUS MATERIALS SHIPPING CHECKUST 

PACKAGING 

1. Check DOT 172.500 table for appropriate type of package for haxardous substance. 
2. Check for container integrity, especially the closure. 
3. Check for sufficient absorbent material in package. 
4. Check for sample tags and log sheets for each sample, and chain-of-custody record. 

WHIPPING PAPERS 

1. 
2. 
3. 

4. 

:: 
7. 

9”: 

Checkthatentriacontain only approved DOTabbreviatiom 
Check that entries are in English. 
Check that haxardour material entries are specially marked to differentiate them from any 
nonhaxardous materials being sent using same shipping paper. 
Be careful all haxardous classes are shown for multiclass materials. 
Check total amounts by weight, quantity, or other measures used. 
Check that any limited-quantity exemptions are so designated on the shipping paper. 
Offer driver proper placards for transporting vehicle. 
Check that certification is signed by shipper. 
Make certain driver signs for shipment 

RCRA MANIFEST 

1. 
2. 

Check that approved state/federal manifests are prepared. 
Check that transporter has the following: valid EPA identification number, valid driver’s 
license, valid vehicle registration, insurance protection, and proper DOT labels for materials 
being shipped. 

3. Check that destination address is correct. 
4. Check that driver knows where shipment is going. 
5. Check that the driver is aware of emergency procedures for spills and accidents. 
6. Make cc-in driver signs for shipment 
7. Make cerUin one copy of executed manifest and shipping document is retaimd by shipper. 
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1.0 PURPOSE 

The purpose of this standard operating procedure is to delineate the field data record forms, logs and 
reportr generally initiated and maintained for documenting ETG field activities- 

20 SCOPE 

Documents presented within this procedure shall be used for all ETG field projects, as applicable. 
Exceptions may indude other additional documents required specifically by contraa 

3.0 GLOS!$ARY 

NOM 

Site Manwer - The Site Manager releases the site logbook to the Fidd Operations Leader or other 
person responsible for’ the direction of on-site activities (e.g., Reconnaissance Survey Team Leader, 
Sampling Team Leader). Also, msponsible for placing all forms used in site activities, field reportf, 
and upon the completion of field work the site logbook in the permanent site file. 

Field Ooerations Leader - The Field Operations Leader is reqmnsible for ensuring that the site 
logbook and the appropriate forms and field reports illustmted in this guideline are correctly used, 
accurately filled out, and completed in the required time-frame. 

NUIRbU 
2of33 

FlELDDOCUMENlAlION Rmision EffOCtlWDn, 
3 01/02/92 

. 

LO PROCEDURES 

s.1 . WIELOGBOOK 

5.1.1 @nanI 

The site logbook is a controlled document which records all major on-site activities. At a minimum, 
thefollowingactivities&ventsshall berecordedinthesitelogbookz 

l ArrivaUdeparkrre of site viriton 
l ArrivaUdeputun of equipment 
0 Sample pickup (chain-of4ustodyfoA numb carrier, time) 
l Sampling activitie9sample logsheet numbers 
0 Start or completion of borehol ehench/monitoring well installation or sampling activities 
0 Health and Safety issues . 

The site logbook is initiated at the start of the first on-site activity (e.g., initial reconnaissance survey). 
Entries are made for every day that on-site activities take place which involve HALLIBURTON NUS or 
subcontractor personnel. One current site logbook is maintained per site. The site logbook becomes 
partofthe~anentsitefile. 

D-33490.ltR1 



/1_ ““r 

;,c.>+ 

iUbjW Number P*oC 

SAG.2 3of33 
FIELD DOCUMENTATION aevlslon Effectwe Date 

3 Ollo2/92 

The cover of each site iogbook contains the following infO~a~On: 

l Project Name 
l HALLIBUBTON NUS Project Number 
l Site Manager’s Name 
l Sequential Book Number 
l Start Date 
l End Date 

Daily entries into the logbook may contain a variety of information. At the beginning of each day the 
following information must be recorded: 

l -Date . 
0 starttime 
0 Weather 
l All field personnel present 
l Anyvisitorspresent 

During the day, a summary of all site activitiesand level of personal protection shall be recorded in 
the logbook. The information need not duplicate that recorded in other field notebooks (e.g., 
sample logbook, She Geologist’s notebook, Health and Safety Dfficer’s notebook,, etc.), but shall 
summarize the contents of these other notebooks and refer to the page locations in these notebooks 
for detailed information. An example of a site logbook page is shown in Attachment A. 

The sample logsheet for each sample collected (see Procedure . ) must be referenced. If 
measurements are made at any location, the measurements and equipment used must either be 
recorded in the site Io@ook or reference must be made to the notebook and pa(p number(s) on 
which they are recorded (see Attachment A). 

All entries shall be made in black pen. No erasures are permitted. tf an incorrect entry is made, the 
data shall be crossed out with a single strike mark, and initialed and dated. At the completion of 
entries by afyty individual, the logbook must be signed. It must also be signed by the IField Operations 
Leader or responsible site leader at the end of each day. 

When movies, slides, or photographs are taken of a site or any monitoring location, they are 
numbered to correspond to logbook entries. The name of the photographer, date, time, site 
location, site description, and weather conditions are entered in the logbook as the photographs are 
taken. A series entry may be used for rapid-sequence photographs. The photographer is not 
required to record the aperture settings and sh@ter speeds for photographs taken within the normal 
automatic exposure range. However, special lenses, films, filters, and other image-enhancement 
techniques must be noted in the logbook. If possible, such techniques shall be avoided, since they can 
adversely affect the admissibility of photographs as evidence. Chain-of-custody procedures depend 
upon the subject matter, type of film, and the processing it requires. Film used for aerial 
photography, confidential information, or criminal investigation require chain-of-custody 
procedures. Adequate logbook notation and receipts may be used to account ‘for routine film 
processing. Once processed, the slides of photographic prints shall k serially numbered and labeled 
according to the logbook descriptions. 

a 
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52 FORMS USED IN RI ACTIVITIES 

Table 1 lists the forms illustrated in this procedure. Forms may be altered or revised for project- 
specific needs, with proper dient notification. 

S2.1 Sameie Cofktlon. labelina, Shimnent and Reauest for Analvris 

521.1 Sample Lirbel 

T?te sample label is a Eby cinch white label with black lettering and an adhesive backing. 
Attachment B-1 is an example of a sample label. These labels are required on every sample but are 
nut controlled documm Guidelines fur filling out sample labels are contained in . 

, 
so213 chaimf~RuordFoml 

l’be Chain-of-Custody Record Form accumpanies a sample (or group of samples) as it is transferred 
from person to person. This form mud be used for any samples collectad for chemical or geotechnical 
analysis, whether on-site or off&e. Attachment B-2 illustrates a Chair&-Custody Record form used 
by HAUlBURTON NUS. 

Attachment B-3 is an example of a custody seal. The Custody seal is a l-by 3-inch adhesive-backed 
label. kis parl of a chairkofxustody process and is used to pmnmtampering with samples aftwthey 
have been collectad in the field. lt is used whenever samples are shipped with an accompanying 
Chain-of-Custody Record form. Procedure 
seals. 

describes ti procedures for using chain-of-custody 

521.4 Sample log Shwt 

A Sample Lqg Sheet is a notebook (kingbinder) page that is used to recurd specified types of data 
while sampling. AttachmentsB-4 to B-7 are examples of Sample Log Shntt. The data recorded on 
these sheets are useful in describing the waste suurce and sample as wall as pointing out any 
problems encountered during sampling. 
contained in 

Guidelines for filling out the Sample Log Sheet are 
. 

502.2 Geohvdrukaiatl and Gautachnical Fomq 

SZl Groundwater Level Measurement Sheet 

A groundwater level measurement sheqt, shown in Attachment C-l should be filled out for aach 
round of water level measurements at a site. 

S.2.22 Data SheetforPumpingTast(Pumping Well) 

During the performance of a pumping test, a large amount of data must be recorded, often within a 
short time period. The pumping test data M (Attachment C-2) facilitates this task by standardizing 
the data collection format, and allowing the time interval for collecti~to be laid out in advance. 

L 
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5.2.2.3 Data Sheet for Pumping Test (Observation Well) or In-Situ Hydraulic Conductivity lest 

This data sheet (Attachment C-3) is similar to that described in Section 512.2. However, somewhat 
different data must be recorded for pumping test observation wells and in-situ hydraulic conductivity 
tests, as shown on this sheet 

52.2.4 PackarTestReportillgFornls 

A packer test reporting form shown in AttachmentC-4 is used for collecting data when conducting 
packer tesfa during monitoring well drilling. 

52.25 SummarybgofBoring 

During the progress of each boring, a log of the matarialr encountered, operation and driving of 
casing, and location of samples must be kepL The Summary log of Boring (AttachmentC-5) is used 
for this purpose. In addition, if volatile organia are monitomd on cores, samples or cuttings from the 
borehole (using HNU or OVA detectors), the results are entered on the boring log at the appropriate 
depth. The boring log also provides space for entry of the lrbomory sample number and the 
concentration of a few key analytical results. This feature allows direct comparison of contaminant 
concentrationswith soil characteristia 

5.2.2.6 Monitoring Well Comtrudon Datails Form 

A Monitoring Well Construction Details Form must be completed for every monitoring well installed. 
This form contains specific information on length and type of wwil riser pipe and screen, backfill, filter 
sand and grout characteristics, and surface seal characteriatia This information is important in 
evaluating the performance of the monitoring well, particularly in areas where water levels show 
temporal variation, or where there are multiple (immiscible) phases of contaminants. Depending on 
the type of monitoring well (in overburden or bedrock), different forms are used (see 
AttachmentsC-6 through C-10). The Monitoring Well Construction Details Form is not a controlled 
documer& Guidelines on completing this form l ra contained in . 

522.7 TestPitlog 

Whanatcstpitortrandrisconrtruclrdf#inwrtigrtivaorrrmplinOputpowr,aTrsttitLog 
(Attachment C-1 1) must be filled out by the responMe field geologist or sampling technician. 

5.23 Eouioment Calibration and Main&m, Forma 

523.1 Equipment b&ration Log 

The calibration or standardization of monitoring, measuring or test equipment is necessary to assure 
the proper operation and m of the equipment, to document the accuracy, precision or 
sensitivity of the measurement, and determine if correction should be applied to the readings. Some 
items of equipment require frequent calibration, other infrequent Some are calibrated by the 
manufacturer, other by the user. 

Each instrument requiring calibration has its own Equipment Calibration Log (Attachment D-1) which 
documents that the manufacturefs instructions were followed for calibration of the equipment, 
including frequency and type of standard or calibration device. 

D-33.4.oo-l/u1 
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53 FIELDREPORTS 

The reports described herein are to be used during field investigations, but do not replace or take 
precedence over project-specific or subcontractor-specifiiC required reports. 

These reports serve several purposes: 

l To maintain a written record of major eventsIaccomplishments/problem~s related to the 
field work. 

l To allow ongoing monitoring of the actual prog& of field tasks in comparison to the 
planned schedule, and to allowtimely corrective action (if required). 

l lo inf&m Sii Managers of progreWac&mplishments for indusion in The Monthly+roject 
Tracking System. 

5.3.1 Proomm Desian 

The primary means of recording onsite activities is the site logbook (see Procedure )ahdother 
field logbooks (e.g. geologists notebook, health and safety officefs logbook, Gx logbooks). 
However, these logbooks and notebooks Usually contain extremely detaikd information which is 
required for data interpretation or documentation, but not for tracking and reporting of progress. 
furthermore, the field logbooks remain onsite for extended periods of’ time and are thus not 
accessible for review by project management The reports described in this procedure are, in essence, 
simplified summaries of the logbooks, which are designed to provide only the information needed by 
project management to keep informed of the progr&s of field activities. 

5.32 Dailv Activities Rewrt 

5.3.2.1 Description 

The Daily Activities Report documents the activities and progress for each day’s field work. This 
report is filled out on a daily basis whenever there are drilling, test pitting, well construction, or other 
related activities occurring which involve subcontractor peoonml. lhese sheets summarize the work 
performed and form the basis of payment to subcontractors (Attachment E is an example of a Daily 
Activities Report). 

5.333 Responsibilities 

It is the responsibility of the rig geologist to complete the report and obtain the driller’s signature 
acknowledging that the times and quantities of material entered are correct. 

5.3.2.3 Submittal and Approval 

At the end of the shift, the rig geologist submits the Daily Activities Report to the !Field Operations 
Leader (FOL) for review and filing. The Daily Activities Report is not a formal report and thus requires 
no further approval. The reports are retained by the FOL for use in preparing the site logbook and 
weekly Field Summaries, and are submitted’to the Site Manager weekly along with ?ht Weekly Field 
Summary. 

, 
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533 Field Trio Summaw 

533.1 tiption 

The Field Trip Summary is an abstract of the Site Logbook, summarizing the major activities onsite for 
a particular week or field cycle (e.g., todays). It should be organized on a dawday basis, and 
contain the following information pt a minimum (sw Attachment 8): 

l Date (week ending) 
0 Personnel onsita (contractor, sukontractars, visiton) 
l Weather conditiom encountered during the week 
0 Siteactivities 
8 Number and typa of sampla collectad (induding C0.C form numbers) 
l lssuesimpactingprogressoftheprojec& 

5.333 Rasponsibilitias 

Tha Field Operations Laader or respo&ble individual onsite if not the FOL (e.g., geophysics team 
leader, sampling team Iaadar) is responsible for wrnplating tha Waekly Field Summary at the end of 
each week of ongoing site activity, or at tha compktion of an activity (if no further activity will take 
p/ace during that wee&). . 

5333 Submittal ind Approval 

Tha summary, along with Daily Activities Rapora;, Health & Safety officer’s Reports, and any other 
documemation,mudkd~iwndorwnttodwSiuMarug~rt~~of~~. 

The Field Trip Summary is an internal informational document and is not subject to project 
management rwim or l pprov8l. 

6.6 REFEREI’KG 

None. 

. 
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7.0 AlTACHMENTS 

Attachment A -Typical Site logbook Entry 
Attachment B-l - Sample Label 
Attachmmt B-2 - Chain-of-Custody Record From, Region III 
Attachment B-3 - Chain-of-Custody Seal : 
Attachment 69 - Groundwater Sample Log Sheet Form 
Attachment B-5 - Soil Sample log Sheet Form 
Attachment B-6 - Surface Water Sample Log Sheet Form 
Attachment B-7 - Container Sample Log Sheet Form 
Attachment C-l - Groundwater Level Measurement Sheet 
Attachment C-2 - Pumping Test Data Sheet 
Attachment C-3 - Hydraulic Conductivity Testing Data Sheet 
Attachment C-4 - Packer Testing Report Form 
Attachment C-5 - Summary Log of Boring 
Attachment C-5 - Overburden Monitoring Well Construction Sheet 
Attachment C-7 - Confining Layer Monitoring Well Construction Sheet 
Attachment C-B - Bedruck (Open Hole) Monitoring Well Construction Sheet 
Attachment C-9 - Bedrock (Well Installed) Monitoring Well Construction Sheet 
Attachment C-l 0 - Bedrock (Well Installed) Monitoring Well Construction Sheet 
Attachment C-l 1 - Test tit Log Form 
Attachment D-l - EquipmentCalibration Log 
Attachment E - Rig Shift Report 
Attachment F - Field Trip Summary Report (2 pages) 



FIELD DOCUMENTATION 

ATTACHMENTA 
l’YPlCAlSlTE LOGBOOK ENTBY 

START TIME: DATE: 

SlTE LEADER: 
PERSONNEL: 

HALLIBURTON NUS DRILLER EPA 

WEATHER: Clear, w, 2-5 mph wind from SE 

AcTlvrnES: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

a. 

9. 

Steam jenney and fire hoses were set up. 

Drilling activities at well resume Rig geologist was . 
5ee Geologist9 Noteboon1, page2S30, for details of d ’ - nllmg actway.’ Sample 
No. 123-2164 coll~ see sample logbook, page42. Drilling activities completed at 1150 
and a Qinch stainless steel wall installed. See Geologist’s NaubodG No. 1, page31, and well 
construction details for well . 

Drilling rig No.2 steam-cleaned at decontamination pit Then set up at location of 
well . . 

Well drilled. Rig geologist was . 
Geologist’s Notebook No.2, page 

see 
for details of drilling activities. Sample 

numbers 123-220Sl, 123-22~52. and ln collected: see sample logbook, pages43, 44, 
and 45. 

Well was dewloped. Seven 55g&lon drums were filled in the flushing stage. The 
well was then pumped using the pitcher pump for 1 hour. At the end‘of the hour, water 
pumped from well was ‘sand free.’ 

EPA remedial project manger l rriws on-site at 1495 hours- 

Large dump truck arrives at l&45 and is steam-cleaned. Backhoe and dump truck set up over 
test pit . 

Test pit dug with cuttings placed in dump truck. Rig geologist was 
. See Geologist’s Notebook, No. 1, page 32, for details of test 

pit activities. Test pit subsequently filled. No samples taken for chemical analysis. Due to 
shallow groundwater table, filling in of test pit resulted in a very soft and wet area. A 
mound was dewloped and the area roped off. - 

Express carrier picked up samples (see hmpie Logbook, pages42 through 45) at 17:50 hours. 
Sii activities terminated at 1892 hours. All personnel offsite, gate locked. 

Field OperatiomLmda 
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AlTACHMENTB-1 

SAMPLE IABEL 

PROJECT: 

STATION LOCATION: 
DATE: / J 
MEDIA: WATER "jO'0" 

TIME: hrs. ' 

CONCENTRATION: 
SEDIMENT 0 q l 

TYPE: 6RAB 0 
MEDIlm~ 

CDMPosnE 0 
H16H a 

ANALYSIS RESERVATION 
VOA q BNAs D I COOY to 4'C !3 
PCBs -0 PESTfaDES 0 I HN03 to pH ~2 
METALS: TOTAL q DISSOLVED 01 NaOH to pH*12 

i5 

CYANIDE'O I 
01 

RI q t 

Sampled by: 

Case No. 

Remarks: 

Traffic Report No.: 

Q-33-4.9svu1 
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AlTACHMENTb3 

CHAIN-OF-CUSTODY SEAL 

CUSTODY SEAL 
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AlTACNMENTB-4 

SAMPLE LOG SHEET 
-!P -of- 

Project Sii Name Prolea Sii Number 

HAUJDURTONNUSSouro,No. sowet- 

Tot8lwdlDepth : 

wdlc8sinQsii8ndDepth: 

s?8ticwetuLtvd: 

OneC8sing Volume: 

st8n Puqt ms.): 

EndPurgdhrsJ: 

Tot4 Pur+ Time (min$: 

Toml Amamt Purged (g&k 

Monitor Reading: 

htgelwthodI 
kWlpkdCld: 
Depthkmpkd: 
Sample Date and Time: 

kmpkdBy: 

S@WtWo: 

I--- 

FufgeDm 
Volume I pb4 I S.C. I Te9np.M I Color & Turbodity 

I I I I I 
I I I 
I 

I I 

I I I 

I I I I 

I I I I 

SampkData 

m SC. Temp. (%I Color S Turbiiity 

r I I 

DbWWMWWWOmS 

I Organic I Inorg8nic 

rnffic Report c 

rw 

Us+ I 
Sate Shippad 

rime Shippod I I 

D-33490-1 /Rl 
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SAMPLE LOG SHEET 

ki3iWbLIBURTON NUS g :~~q~w, 
u-w Environmental Corpomtion 0 Sadim8nt 

0 b9W-d 
0 mr 

P8gt of .- - 

Casey. 
BY . 

ProjectSiteN8mc! Project Site Number 

. _ . _ .-. .-.. L.. Y m ____- .,_ Cu.- I a-m&am 

norganr 
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SAMPLE LOG SHEET 
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t 

kmpleD8to&Tim*: 

kmpled 9y: 

TypeofSampk 
conmnthon 

: $comWon 
0 Grab 
o--l=- 
0 Grab-Cornposit 

AMlpS: 1 Pmservm: 

I 

sun 

Tmw.t’Q 

,DBte 

COW & Turbidy 

I 1 

A9+ I 

Date Shippod 
Time Shtpped 
lab 

1 

tb334404mi 
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SAMPLE LOG SHEET 

#UALLIBURTON NUS 
m~EnvhmmtwtalCoqxwation 

n ContaimrD8ta cast+. 

BY * 

I 

i 

4 . 

4 . 

4 

I . 

majectSittN8mt .ProjectslteNumbtr 

HALUBURTON NUS Source No. soumLoatim 

ContaintrSourct Containtr Description 

0 Drum 
0 BunoTop Cd0r 
0 Ltvtrlock 
0 Bolttd Ring Condition 
0 other 

Markings 

; -$=” Vol. of Conttnts 

n other Othtr 

Disposition of Sample 

3 Containtr Sampltd 
J Containtroptntd but not 

sampltd. Reason: 

J Containtr not optntd. 
Reason: 

pha= 
Color 
Viscosity 
% of Total 
Volume 
Otter 

Sample Dtscription 

laytr 1 f Layer2 Laytr 3 

0 sol. 0 Liq. Dsol. 0 Liq. ]Jsol. 0 Liq. 

IX Isvl OH DL DM IJH iDL OM OH 

Monitor Reading: 

iample Mtthod: 

iample Datt & lime: 

iampltd By: 

iignaturt(s): 

4nalysis: 

Type of Sample 
q Grab 

0 Low Concentration 0 compositt 
0 High Concentration 0 Grab - Composite 

Orgmc Inorganr 

Traffic Repon # 

tag + 

’ ABt 
Datt Shtpped I 
Time Shopped 

lab 

tb33dawmi . 
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AITACHMENTC-1 

GROUNDWATER LEVEL MEASUREMENT SHEET 

LOCATION 

Project Name: Municipality: 
Project No.: county: 
PtSOllMl: SW: 
Date: strtttor 

Maploation 
(If off-site) 

Ttmptraturt Range: Equipment No.: -’ 
Prtcipitation: Equipment Name: 
Barometric Pressure: Latest C8libration Datez 

Tidally-lnflutnctd: [ INo 

1 
Well or Ehdon of Wrt+rLtVtl Adjusted 

Piezomettr Date/Time RtftrtnctPoim Indicator 
Gm&mdwattr 

Numbtr V-V Rtadiry (FtttP (Ftd* 
Eltvation (FeeQ* 

.- 

. .’ 

._: 

cs334904mi 



PUMplNG lESTDATA SHEET 
I 

PROJECT NAME: 
PROJECT NO.: 

GEOLOGIST: 
DISTANCE FROM PUMPING WELL (ft) (r): 
STATIC l-l20 LWiEl. (ft) 60): 
TIME PURGE START OR STOP (To): 

PUMPIN TEST DATA SHEET 

HALUBUR?DN NlJS ENVIRONMENIXL c;ORFORA77ON 

MEASUREDWELL: 
DATE: PUMPING WELL: 

CHECKED: TESTNO.: . 
PUMP SETTING, FEET BELOW MONITORING POINT: 
MONflORlNG POINT: 
El.E’VATlON OF MONlTORlNG POINT (ft. above MSU: 

subjut Number PWt 
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ATTACHMENTC-3 

HYDRAULIC CONDUCflVlTY -NG DATA SHEET 

I HYORAUUCCONOlX77WTY7ES7lNG HAW8URlDN NW 
MTA SHEET ENVMONMENTAL COWRAllON 

1 1 

PROJECT NAME: WELLmoRlNG No.: 
PROJECT NO: GEOLOGlfT: 
wELLDlAMElERz SCREEN LE NGTIUDEPTH: TEST No..: 
STAfK WATER LEVEL (DepthHav~): DATE: 
TEETTWE otising#di~nt wad): CHECKEDZ 
METHODOFlNDlJClNGWATERLEVELCHANGE: PAGE - OF - 

mm EIAPSED TIME MEAEUREDDEPTN ~~ DEcT)Ito DRAWDOWN 
-a- TO WATER (ft.) WAtER(rr) oRHEAD 

REMARKS 

. 

- 
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BOBING LOG 

HAURURlVNNlJSENWRONMENTaL CORPORA77ON 

PROJECr NAME: 
PROJEer NO.: 
ELEVATION: 
WATER LEVEL DATA 
(D8te. Tim0 I condi 

EORING No.: 

DATE: * DRnlERz 
FIELD CEOLOGtSTt 

yarr 
s-a 
a00 
ou 

- 

- 

- 
- 

- 
- 

- 
- 
- 

- 
- 

- 

- 
- 
- 
- 
- 
- 

I 
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AnACHMENTC-6 

OVERBURDEN 
MONITORING WEU SHEET 

,I 

GROUND 
ELEVATION /4 

1 

l ELEVATIONOFt(wOFSURFACEuunt: 
t ELWATIONoC~OFRGER PWE: 

*ma-UPnnor SURFACEWIUQ: 
‘sTK%-uPalsamPE: 

l kERPWE I.D. 
wPEoFmsERPtPE: 

l lYPEoFEAacFl~ 

-ELEVATRWDEP&OPOFSuL: 

‘WPEOFSEAC 

-0EPTHTWoCSNDPMK: . 

l ELWATbDN/&TNTOPOFSCREENZ 
-TYmoPscREENz 
sLoTrKExKNG7w 
I.D. W SCREEN: 

-.- 

L 

._. 

I -- 
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AlTACHMENTC-7 

BORING NO.: 

CONFINING LAYER 
MONITORING WELL SHEET 

POJECT LOCATION 
DRILLBR 

POJECT NO. BOBIN- 
DRILLING 

LEVATION DATE 
METHOD 
DBVELOPMENT 

ELD GEOLOGIST METMOD 

ELEVATlONffTO?WPBRhkCAHNG: -- 
e ElEVATlON OFTOPOF RISER PIPE: -m 

‘PI L lWE0FWRFACESEAl.i 

MER PlPE LD. 
WPEOFRlSERPlCf: 

*BOREHOLE DIAMETER: 

’ PER&l. CASING I.D. 
TYPE OF CASING &BACKFILL: 

ElEVAllOW DEPTH TOP CONFINING LAYER: ,-m. 
ELEVATION I DEPTH BmDM OF CASING: 
ELEVAnONf DEPTH BOT. CONFINING LAYEk == 

ELEVATION/ DEPTH TOP OF SEAL p--+YPEoFsEAL -- 
DEPTH TOP OF UN0 PACK: 

ELEVAnOFUDEPlH TOP OF SCREEN: 
TYPE OF SCREEN: 

m- 

--. 

s----L TYPEOF SAND PACK: 

ELEVATION I DE?lH BOTTOM OF SAND PACK: 
TYPE OF MCXFILL BELOW OBSERVATION 

BOREHOLE CiA. BELOW CWNG: 
\ 

p ELEVATION I DEPTH BOTTOM OF SCREEN: 

. 

D-3349&l/RI 
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ATTAQlMENTC% 

BORING NO.: 
BEDROCK 

MONlTORlNC WEU SHEET 
091 ENWOUWEU 

‘ROJECT LOCATION 
DRILLER 

‘ROJECTNO. - 
ELEVATION 

BORIN- r= 
DATE 

VELD GEOLOGIST 
DWELWUlEN.7 

4 

GROUND 

7.0. R. 
= =- 

% 

i 

-ELEVATIONOFto1OF- 

-snauPoForNGABovEoRDuND 
suRmcEz 

- TYPEOFSURMCESEAL 

I.D. O?cIuNG; 
* TYPEoFcrrslNG: 

TEMP./m.: 

-wFEoF-SEAL 

cDEPTbITOrOrO?ROCR: 

- DERwolonoM~NG: 

- DUMETEROFHDLEtNBEDROCK: 

DBCRlBEJDlNTSWIEDROCKANDDEWW 
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AlTACHMENTC-9 

BORING NO.: ,-- 

BEDRQCK 
MONKORlNC WELL SHER 

WELL lNSTMl.ED IN BEDROCK 

ROJECT LOCATION 
DRILLER 
DRILLING 

ROJECT NO. BORIN- Mnnoo 
LEVAnON DATE MVUOIMENT 
IELD GEOLOGIST METHOD 

ELEVAnON OF TOP OF SURFACE CAIINC : -- 
EUVATlONoFToTOFRlSER PPk -m 
ELEVAnoNToPoFPBRahcASlNGz -m 
TYPEoFsuRFAcEsEALz 

I.D. OF SURFACE WING: 
TYPE OF SURFACE CASING: 

iusm WE I.D. 
WPEOFMERPICL: 

BOREHOLE DlAMmR: 

I 
PERM. CASING I.D. _..._.. _ ._. .- .__ 
TYPE OF CASING i BACKFILL: 

LEVATION I DEPTH TO BEDROCK: 
-- ELEVATIOWDEPTH BQTTOM OF CASING: -- 

I 

BOREHOLE DIA. BELOW CASING: 
TYPE OF BACKFILL: 

ELEVATlON I DEPTH TDP OFSW m- 
TYPE OF SW: 

ELEVATION I DEPTH TOP OF SAND PACK: m- 

ELEVAnONtDEPTHTOPOFSCREEN: -- 
TWE OF SCREEN: 

ELEVAnON I DEPTH OF MOLE: -- 

TYPE OF SAND PACK: 

ELEVATION I DEPTH BOlTOM OF SCREEN: -- 

ELEVATION I DEPTH BOlTOM OF SAND PACK: 
TYPE DF BACKFILLBELOW OBSERVATION 
WELL: 
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PROJECT LOCATION 
PROJECT NO. 
ELEVATION 
flElD GEOLOGIST 

-INf 
MBTMDD I 

i 

LEVATION 

’ I.D. OF SURPACE WNQ: 

5 DIAMETER OF HOLE: 

RlSlR PIPE I.D.: 
WMOFRISERrm: 

WVATlON/DWTHTWOlWD: 

CUVAllONtDWfHrOrOrSUEtN: 

‘WCCOCSCKEEN: 

SlOTfrtLxLENGTn: 

I.D. xI1EENz 

i I I 

MLOFSANDPACK: 

DIAMETER OfnOU#B- 
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PROJECT NO.: 
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FIELD CEOLOGm: 

TEST PK NO.: 
DATE: 
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DAILY ACllVlTlES RECORD-FIELD INVESllCAllON 

PROJECT NAME: 
CLIENT: 
DATE: 
coNTRACTOR: . 
BORING NO.: 

PROJECT NO.: 
LOCATION: 

ARRIVALTIME: DEPARTURE TIME: _ 
DRILLER: 

HNUS REPRESENTATIVE: 

ORIGINAL 
OuANmya, Q- 

PREVIOUS CUMULAtlVE 
ITEM(l) 

EmMATE 
TOOAY 

TOTALQ) 

T- 
Quarunna, 

QUnKmv TOOATE 

1. M&ll&8WdDWlObili Job 

2. Ovwbufden Drillinglkmphg, Minimum 6inch l#)ft. 

3. Overburden Drilling, lo-inch 25oft. 

4. Overburden Drilling, M-inch 4Soft 

5. 8edrock Drilling, (i-inch 53oft. 

6. Bedrock Drilling, l&inch 6SOft. 
a 

7. Bedrock Drilling, lOin& I 1son I I I 

8. Tempowy 6-inch Steel Cuing 250 ft. 

9. Tempomy lo-inch Stnl Castng zoott. 

70. Tcmporwy W-inch Steel Wing 2Soft. 

11, Pcrmment 6-inch Steel Casing rzoft. 

12. Permanent lo-inch Steel Casing 4ooft. 

13. PVC well Constructtofvmst8ll8tion 1,120ft. 

14. Mme void k8lfng ‘8 

15. Boring Backfilling 

16. Wdl Devdpment 

17. Tee Bonngr 

18. Test PR Exuvatlon 

19. Standby 

NA 

24 hn. 

2Boft. 

SO hn. 

20 hn. 

COMMENTS: 

w As listed m Spacifiations 
0) mclude Ourntity and Units APPROVED BY: 

(Ex. 20 ft. 6 hrs.) 

HAUlBURTON NUS FIELD REPRESENTATIVE 

DRILLER OR REPRESENTATIVE 
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1.0 PURPOSE 

The purpose of this procedure is to provide reference information regarding the appropriate 
procedures to be followed when conducting decontamination activities of drilling equipment, 
monitoring well materials, chemical sampling equipment and field analytical equipment used during 
field investigations. This procedure also provides general reference information on the control of 
contamianted materials. 

20 SCOPE 

This procedure addresses drilling equipment and monitoring well materials decontamination, as well 
as chemical sampling and field analytical equipment decontamination. This procedure also describes 
methods of handling contaminated material during field investigations. 

3.0 GLOSSARY 
* 

NOM. 

4.0 RRSFDNSIRIUTES 

field Ooeratiom Leader - Responsible for ensuring that proj~+pecific plans and the implementation 
of fieid investigations are in compliance with these procedures 

5.0 PRDCEDURES 

To insure that analytical ‘chemical resuJts are reflective of the actual concentrations present at 
sampling locations, various drilling equipment and chemical sampling and analytical equipment 
involved in field investigations must be properly decontaminated. This will minimize tie potential 
for cross-contamination be%reen sampling locations, and the transfer of contamination off site. . 

s.1. DRU.LlNG lEQUlPMENT 

Prior to the initiation of a drilling program. all drilling equipment involved infield sampling activities 
shall be decontaminated by steam cleaning at a predetermined area. The steam cleaning procedure 
shall be performed using a highgressure spray of heated potable water producing a pressurized 
stream of steam. This steam shall be sprayed directly onto all surfaces of the various equipment which 
might contact environmental sample. The decontamination procedure shall be performed until all 
,cquipment is free of ail visible potential COnt8miMtiOn (dirt, grease, oil, noticeable odors, etc.) In 
addition, this decontamination procedure shall be performed at the completion of each sampling 
and/or drilling location, induding soil borings, installation of monitorimj wells, test pits, etc. Such 
equipment shall indude drilling rigs, backhoes, downhole tools, augers, well casings, and screens. 

The steam deaning area shall be designed to contain decontamination wastes and waste waters, and 
can be a lined excavated pit or a bermed concrete or asphalt pad. For the latter, a floor drain must be 
provided which is connected to a holding facility. A shallow l bove=surface tank may be used or a 
pumping system with discharge to a waste tank may be installed. 

In certain cases, due to budget constraints, such an elaborate decontamination pad is not possible. In 
such cases, a plastic lined gravel bed pad with a collection system may serve as an adequate 
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decontamination area. The location of the steam cleaning area shall be on site in order to minimize 
potential impacts at certain sites. 

Guidance to be used when decontaminating equipment shall include: 

l As a general rule, any pan of the drilling rig which extends over the borehole, shall be 
steam cleaned. _’ 

l All drilling rods, augers, and any other equipment which Will be introduced to the hole 
shall be steam cleaned. 

l The drilling rig, ail rods and augers, and any other potentially contaminated equipment 
shall be decontaminated between each well location to prewent cross contamination of 
potential haxardoussubstances 

Prior to leaving at the end of each work day l ndIor at the completion oftbe drilling program, drilling 
rigs and transport vehicles used onsite for personnel or equipment transfer shall be steam cleaned. A 
drilling rig Left at the drilling location does not need to be steam cleaned until it is finished drilling at 
that location. : 

5.2 .’ SAMWNG EQUIPMBNT 

53.1 Bailers and Bailina tine 

The potential for cross-contamination between sampling points via the use of common bailer, or its 
attached line, is high unless strict procedures for decontamination are followed. lt iis preferable, for 
the aforementioned reason, to dedicate an individual bailer and its line to each sample point, 
although this does not eliminate the need for decontamination of .dedicated bailers. For 
non-dedicated sampling equipment, the following conditions and/or decontamination procedures 
should be followed. 

Before the initial sampling and after each succeeding sampling point, the bailer must be 
decontaminated. The following steps should be followed if sampling for organic contaminants: 

0 
0 
0 

Potable water rinse 
Aiconox or Liquinox detergent wash 
Scrubbing of the line and bailer with a scrub brush may be required if the sample point if 
heavily contaminated with heavy or extremely viscous compounds 
Potable water rinse 
Rinse with 10 percent nitric acid solution* 
Deionized water rinse 
Aceto~ or methanol rinse 
Hexane rinse** 

* Due to the leaching ability of nitric acid, on stainless steel, this s&p is to be omitted if a stainless 
steel sampling device is Being used and metals analysis is required with detection limits less than 
approximately 50 ppb; or the sampling equipment is dedicated. 

l * lf sampling for pesticides, PCBs, or fuels. 

D-33-b-90.l/R1 
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0 Distilled/Deionized water rinse 
0 Air dry 

If sampling for organia only, the nitric acid, acetone, methanol, and hexane rinses may be omitted. 
Contract+ecific requirements may permit aitem8tive procedures. 

Braided nylon or polypropylene lines may be used with a bailer, however, the same line must not 
come in contact with the sample medium, otherwise, the line must be discarded in an approved 
receptacle and replaced. Prior to use, the bailer should be wrapped in aluminum foil or polyethylene 
sheeting. 

S.2.2 $amdina Pumps 

Most sampling pumps are normally low volume (less than 2 gpm) pumps. These include peristaltic, 
diaphragm, air-lift, pitcher and bladder pumps, to Mme a few. lf these pumps are used for sampling 
from more than OM sampling point, they must be decontaminated. 

The procedures to be used for decontamination of sampling pumps compare to those used for a 
bailer except the 10 percent nitric acid solution is omitted. Each of the liquid factions is to be pumped 
through the system. The amount of pumping is dependent upon the size of the pump and the length 
of the intake and discharge hoses. CeHain types of pumps an unacceptable for wmpiing purposes. 

An additiorul problem is introduced when the pump relies on abmptian of water via an. inlet or 
outlet hose. For organic sampling, this hose shouid be Teflon. Other types of hoses leach organ& 
into the water being sampled (especially the phthalate esters) or adsorb organics from the sampled 
water. For all other sampling, the hose should be Vii, polyethylene, or polyvinyl chloride (in order 
of preference). Whenever possible, dedicated hoses-should be used. 

52.3 Filterina EauiBm8* 

Part of the sampling plan may incorporate the filtering of groundwater samples, and subsequent 
preservation. This should occur as soon after sample retrieval as possible: pmfembly in the field as 
soon as the sample is obtained. To this end, three basic filtration systems are most commonly used - 
the Sine disposable Teflon filter, the inert gas over-pressure filtration system, and the vacuum 
filtration system. 

For the in-line filter, decontamiMti6n is not required since the filter cartridge is disposable, however, 
the cartridge must be disposed of in an approved receptacle and the intake and discharge lines must 
still bedecontamiMted. 

For the over-pressure and the vacuum filtration systems, the potions of the apparatus which come in 
contact with the sample must be decontaminated as outlined in the paragraphs describing the 
decontamination of bailers. (Note: Varieties of both of these systems come equipped from the 
manufacturer with Teflon-lined surfaces for those that would come into contact with the sample. 
These filtration systems are preferred when decontamination procedures must be employed.) 

D-33.690.l/R1 
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53 FIELD ANALYllCAL EQUIPMENT 

5.3.1 Water Level Indicators 

Water level indicators that come into contact with groundwater must be decontaminated using the 
following steps: 

l Rinse with potable water 
l Rinse with deionized water 
0 Acetone or methanol rinse 
l Rinse with deionized water 

Water level indicators that do not come in contact with the groundwater but. may encounter 
incidental contact during installation or retrieval need only undergo the first and last steps stated 
above. 

5.22 Probes 

Probes, e.g., pH or specific ion electrodes, geophysical probes, or thermometers which would come in 
direct contact with the sample, will be decontaminated using tha procedures specified above unless 
manufacturer’s instructions indicate othcmise. Probes that contact a volume of !aroundwater not 
used for Iaboratofy analyses can be rinsed with deionized water. For probes which make no direct 
contact, e.g., OVA equipment, the probe will be wiped with clean paper-towels or cloth wetted with 
alcohol. 

5.4 WASEHANDUNG 

For the purposes of these procedures, contaminated materials are defined as any byproducts of a 
field investigation that are suspected or known to be contaminated with hazardous substances. 
These byproducts include such materials as decontamination solutions, disposable equipment, drilling 
muds, well-development fluids, and spill-contaminated materials. 

The procedures for obtaining permits for investigations of sites containing hazardous substances are 
not clearly defined at present In the absence of a clear directive to the contrary by the EPA and the 
states, it must be assumed that hazardous wastes generated during investlgatrons will require 
compliance with Federal agency requirements for generation, storage, transponaticm, or disposal. In 
addition, there may be state regulations that govern the disposal action. This procedure will 
exclusively describe the technical methods used to control contaminated materials. 

The work plan for a site investigation must include a description of control procedures for 
contaminated materials. This planning strategy would assess the type of contaminartion, estimate the 
amounts that would be produced, describe coritainment equipment and procedures, and delineate 
storage or disposal methods. As a general policy, it is wise to select investigation methods that 
minimize the generation of contaminated spoils. Handling and disposing of potentially hazardous 
materials are expensive and dangerous. Until sample analysis is complete, it is assumed that all 
produced materials suspected of contamination from hazardous chemicals wilil always require 
containment 

D-33490-ltR1 
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5.5 SOURCES OF CONTAMINATED MATERIALS AND CONTAlNMEti METHODS 

55.1 Decontamination Solutions 

All decontamination solutions and rinses must be assumed to contain the hazardous chemicals 
associated with the site unless there are l naly$icai or other data to the contrary. The solution 
volumes could vary from a few gaiiom to several hundred gailom in cases where large equipment 
required cleaning. 

Containerized rinse soiutiom such as those recommended .for the mnel decontamination station 
are best stored in 5Sqaiion drums (or equivalent containers) that can be sealed until ultimate 
disposal at an approved facility. Larger equipment such as backhoes and tractors should be 
decontaminated in an area provided with an impermeable liner and a liquid collection system. A 
decontamination area for large equipment could consist of a bermed wtcrete pad with a floor drain 
leading to a buried holding tank. 

5.5.2 Ditoosal Eouiomeq 

Disposable equipment that could be contaminated during a site investigation typically includes 
rubber gloves, boots, broken sample containers, and labor- tissues. These items are small and can 
l asfly be contained in %-gallon drums with lidr These containers should be dosed at the end of l adt 
work day and upon project completion to provide secure containment 

5.53 Drillina Muds and WelCDevelooment Fluids 

Drilling muds and welldevelopment fluids are materials used in groundwater monitoring well 
installations, Their proper use could resultr in the surface accumulation of contaminated liquids and 
muds that require containment Often monitoring wells an placed off the site to determine if 
haxardous chemicals have migrated below ground. These offsite wells require especially careful . 
management since they threaten contamination of offsite propew. 

The volumesof drilling muds and welldevelopment fluids used depend on well diameter and depth, 
groundwater characteristics, and geologic formations. There are no simple mathematical formulas 
available for accurately predicting these volumes. tt is best to reiy on the experience of reputable well 
driilars familiar with local conditiom and the well installation techniques selected. Thesa individuals 
should be able to estimate the sizes of containment structures required. Since guesswork is involved, 
me should always k prepared IO halt drilling 01 other weiidevelopment owratiom if more 
containment capacity is needed. 

Drilling fluid (mud) is mixed and stored in a container commonly referred to as a mud pit. This mud 
pit consists of a suction section from which drilling fluid is withdrawn and pumped through hoses and 
down the drill pipe to the bit and back up the hole to the settling section of the mud pit. In the 
settfing section, the fluid velocity is reduced by a screen and several flow-rasuiction devices, thereby 
allowing the well cuttings to settle out of the fluid. 

The mud pit may be either portable abovcground tanks commoniy made of steel which is preferred 
or stationary in-ground pits (Attachment A). The above-ground tanks have a major advantage over 
the in-ground pits because the tanks isolate the natural soils from the contaminated fluids within the 
drilling system. The tanks are l Ro portabie and can usually be deaned easily. 
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&the well is drilled, the sediments that accumulate in the settling section must be removed. This is 

best done by shoveling them into drums or other similar containers. When the drilling is complete, 
the contents of the above-ground tank are likewise shoveled or pumped into drums,. and the tank is 
cleaned and available for use. 

If in-ground pits .are used, they should not extend into the natural water table. They should also be 
lined with a bentonitHcmcnt mixture followed by a layer of flexible impermeable material such as 
plastic sheeting. Of course, to maintain its impermeable seal, the material used would have to be 
nonreactive with the wastes. An advantage of the in-ground pits is that well <cuttings do not 
necessarily have to be removed periodically during drilling because the pit can be made deep enough 
to contain them. Depending on site co&ions, the in-ground pit may have to be totally excavated 
and refilled with uncontaminated natural soils when the drilling operation is complete. 

When the above-ground tank or the in-ground pit is used, a reserve tank or pit shouild be located at 
the site as a backup system for leaks, spills, and overfiows. in either case, surface dralinage should be 
such that any excess fluid could be controlled within the immediate area of the drill site. 

The containment procedure for welldevelopment fluids is similar to that for drilliing fluids. The 
volume and weight of contaminated fluid will be determined by the method of development. When 
a ~+JU well is bailed to produce clear water, substantially less volume and weight of fluid result than 
when backwashing or high-velocity jetting is used. 

5.5.4 Seiil-Conteminated Meteriais 

A spill is always possible when a site investigation involves opening and moving containers of liquids. 
Contaminated sorbents and soils resulting from spills will have to be contained. Small quantities of 
spill-contaminated materials are usually best con&ed in drums, while larger quantities can be 
placed in lined pits or in other impermeable structures. in some cases on-site containment may not be 
feasible, and immediate transport to an approved disposal site will be required. 

5.6 DISPOSAL OF CONTAMINATED MATERIALS 

Actual dis&al techniques for contaminated materials are the same as those for any hazardous 
substance-incineration, landfilling, treatment, and so on. The problem centers around the 
assignment of responsibility for disposal. The responsibility must be determined and agreed upon by 
ail involved parties before the field work star. tf the site owner or manager was involved in 
activities that precipitated the investigation, it seems reasonable to encourage his acceptance of the 
disposal obligation. In instances where a responsible party cannot be identified, tlhis responsibility 
may fall on the public agency or private organization investigating the site. 

Another consideration in selecting disposal methods for contaminated materials, is whether the 
disposal can be incorporated into subsequent site cleanup activities. For example, if construction of 
suitable omite disposal structure is expected, contaminated materials generated during the 
investigation should be stored at the site for disposal with other site materials. In thiis case, the initial 
containment structures should be evaluated for use as long-term storage structures. Also, other site 
conditions such as drainage control, security, and soil type must be comidered so that proper storage 
is provided. tt omite storage is expected, then the limited containment structures should be designed 
for that purpose. 

D-334.90.l/R1 
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6.0 REFERENCES 

HALLtBURTON NUS Environmental Corporation: Standard Operating Procedure No. 4.33, Control of 
Contaminated Material. 

7.0 AHACHM6NTS 

Attachment A - Two Types of Mud Pits Used in Drilling. 
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FIGURE S-1 

TWO TYPES OF MUD PtTS USED IN WELL DRIIJJNG 
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1.0 PURPOSE 

This procedure describes the procedures and equipment required to measure the following 
parameters of an aqueous sample in the field: 

.pH 
0 Spcific Conductance 
0 Temperature - 
l Dissolved Oxygen (DO) Concentration. 
0 Oxidation Reduction Potential 
l Certain Dissolved Constituents Using Specific Ion Elements 

2.0 SCOPE 

This procedure is appliuble for use in 8n on-site groundwater qudty monitoring program to be 
conducted during a remedial investigation or site imgation program at a haaardous or 
nonhaxardous site. The procedures and equipment described are applicable to nearly all aqueous 
samples, including potable well water, monitoring wall water, surface water, leachate and drummed 
wazer, etc. and are not, ingeneral, subject to solution interferences from color, turbidity and colloidal 
material, or suspendad matter. 

This procedure provides generic information for measuring the parameters listi above with 
instruments and techniques in common use. Since instruments from different manufacturers may 
vary, review of the manufacturer’s literature peruining to the use of a specific instrument is required 
before use. 

3.0 GLOSSARY 

3.1 pi4 MEASUREMENT 

&l -‘The negative logarithm (base 10) of the hydrogen ion activity. The hydrogen ion activity is 
related to the hydrogen ion concentration, and, in relatively weak solution, the two are nearly equal. 
Thus, for all practical purposes, pH is a measure of the hydrogen ion concentration. 

pH Paoer - Paper that turns different colon depending on the pH of the solution to which it is 
exposed. Comparison with color standards supplied by the manufacturer will then give an indication 
of the solution pH. 

3.2 SPECICIC CONDUCTANCE MEASUREMENT 

m - Standard unit of ~iectricai resistance (RI. A sirmen (or umho) is the standard unit of electrical 
conductance, the inverse of the ohm. 

For metals &&Q~g3 - A measure of the solution’s ability to oppose the passage of electrical current 
and solutions, resistance is defined by Ohm’s law, E - IR, where E is the potential clifference, I is the 
current, and R is the resistance. 

Conductance - The conductante of a conductor 1 centimeter long and f square centimeter in cross- 
sectionai area. Conductivity and specific conduNnce an used synonymously. 
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33 TEMPERATuRE MEASUREMENT 

NOM. 

3.4 DlSSOLVEO OXYGEN MEASUREMENT 

Galvanic Cell - An eiecVo&em’ ical cell in which chemi&l m-is spontaneously converted to 
electrical energy. The electrical energy produced is supplied toan external circuit 

Electrolvtic Cdl - An elec&o&emical cell in which ele&ical energy is supplied from an l xtemal 
IOUKQ. This cdl functions in much the same way as a galvanic cell, only in t)n opposite direction due 
totheextem&lsoum0f*ppliedv&age. 

35 oxl&IolwmCno~ PommALMEA5uREMENT 

-St&i& process in which an atom or group of atoms loses electrons to achieve an increasing 
. 

- A measure of the activity ratio of oxidizing and reducing 
species as determined by the ektmnotim-ti developad by l noble metal electrode:immened in 
water,88-8g8inst*Iund8rdhydrogenQi~8. 

3.6 siecmc~ow &ODES MEASUREM~ 

Souific Ion Electrod? - An ~Iectrod~ which develops a potential difference across a membrane in 
responsetotheco~~entrationdi~forselected ionsoneithersideofthatmembmne. 

site Manaaer - in consultation with the Project Geochemist, is msponsible fordetermining which on- 
tiuw~qwlitym~nm~~~~ro~RI,whmthrwrn~ ems shail be mad8, 
and the data quality objectives (OQOs) for these measuremen& The Froject Operations Plan.(POP) 
~ll~ind~ils~~,fnqu~urdl~on,of~darindm~~ 

- primarily msponsible for dmining the type, frequency and locations for on- 
site water quality measurements as m in the POP and for imng the results, including 
determination of which measurements are u-w. 

field Ooerations Lead- - mponsible for implementing the POP, and also for deciding under what 
fieid conditionsa paticular on-site measurement will beunreww orunobtaina#e. 

Field SamderslAnalvsg - respomible for ti actual analyses that take place, including calibration, 
quality comrol and recording of resula as well as for the care and maintenance of the equipment in 
the field. 

D-334-90.1 
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5.0 GUIDELINES 

5.1 MEASUREMENT OF pH 

5.1.1 GQ~WWI 

Measurement of pH iS one Of the most impoMfI’t and frQqIJQnt!y Used tQSB’ in water Chemistry. 
Practically QVQry phase Of W8tQt SUppiy 8fld W astewater tracltm~nt such as acid-base neutralization, 
water softening, and corrosion control, is pH dependent Likewise, the pH of leachate can be 
correlated with other chemical analyses to datarmine the probable S~LIKQ of contamination. It is 
therefore impoRant that reasonab~yacwrat8 pH measurements be taken. 

MQ8SUrQmQt’ItS of pH can also be used to check the qullity and cowosivity of soil and solid waste 
samples. However, these samples must be immersed in water prior to analysis, and specific 
techniquesan net described. 

Two,methods are giwn for pH measurement: the pH meter and pH indicator paper. The indicator 
paper is used when only a rough estimate of the pH is required, and the pH meter when a more 
8CCLJratQ mQ8SUrQmQfYt is naadad. The faspome of a pH meter can be 8ffQCtQd to a siight degree by 
high lewls of colloidal or suspended solids, but the effect is usually small and gonerally of little 
significance. &tsequQntiy, specific methods to owKomQ this interfQrQfK8 are not described, The 
response of pH paper is unaffected by solution interferences from color, turbidity, colloidal or 
suspended matericlls unless extremely high kwek capable of coating or m8Sking uhc paper an ’ 
encountered. In such cases, use of a pH meter is recommended. 

5.13 Princides of EauiDmewt Owration 

Use of pH papers for pH measurement reties on a chemical reaction caused by the acidity or basicity of 
the solution with the indicator compound on the paper. Depending on the indicator and the pH 
range of interest, a variety of different colors can be used. Typical indicators are weak acids or bases, 
or both. Process chemistry and molecular transformations Ieading to the color change are variable 
and complex. 

Use Of a pH meter rQbS on the same principle as other iOMpQCifiC Qi~85. MQ8SUlrQmQflt reiies on 
estabiishment of a potential difference across 8 glass or other type of membrane in response to 
hydrogen ion concentration across that membrane. The membrati is conductive to ionic species and, 
in combination with a standard or WferQnCb electrode, a potential difference proportional to 
hydrogen ion concentration can be generated and measured. 

5.11 ‘EauiDme@ 

The following equipment is needed for taking pH measurements: 

Q Accumet 150 portable pH meter, or equivalent. 

Q Combination eiectrode with polymers body to fit the abow meter (z~lternateiy a pH 
electrode and 8 reference eleczrode can be used if the pH meter is equipped irvith suitable 
QiQctdQ inputs. 

0-334-90-1 
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0 pH indicator paper, such as Hydrion or AR&d, to coyer the pH range 2 through 12. 

l Buffer solutions of pH 4,7 and 10, or other buffers which bracket the expected pH range. 

5.1.4 Me8suremont Technicrues for Field Determination of OH 

1. pHMeter 

The following procedure is used for measuring pH with a pH meter (Standardization is 
aacxding to manufacturers instructions): 

8. The instrument and batteries shall be checked and calibrated prior to initiation of the field 

b. ~wcuncyof~~~uti~~forfiddmdI~ulibntior,~llk 
checked. buffer solutions nied to be changed often due to degmdatian upon exposure to 
theatmosphere. 

c Immw the tip of the doe&odes in water overnight If this is not possible due to field 
conditi~imm~~~rctrode~pinwrtnfornkrstInhourkfonu~. The 
dectrode tip may k imm& in a rubber or plastic s&c conuining buffer solution for 
field tram or storage. This is not applicable fur all Me&odes as some must be stored 
dry- 

. 
d. Make sure ail electrolyte solutions within thudoctrude(s) an at their proper levels and that 

no air bubbles an ~withinbn dectrode(s). 

l . lmmorss the ii8ctrode(s) in 8 pH-7 buffer soiutlon. 

f. Adjust the tmnpemtun. compenutor to the proper tempemture (on models with 
rutom8tic tempemtun 8djustmem immerse the temperature probe into the buffer 
solution). AJternately, the buffer solution may be immersed in the s8mple and aildw8d to 
reach tempemture equilibrium before equipment c8libr8tion. It is best to maint8in buffer 
~ution~otmu.~~mple!~r,~oli~on. 

9. Adjust the pH muter& read 7.0. 

h. Remow tl~ Metrode from the buffer and rinse well with demineralized water. 
Immerse the electrode(r) in pH-4 01 lobuffer solution (depending on the expected pH of 
t)H sample) and adjust ti slope cuntrol to read the appropriate pH. For best results, the 
standardization and slope adjustments shall k repeated at least once. 

i. lmmerw the electrode(s) in the unknown solution, slowly stirring the probe until the pH 
stabilize% Stabilization may take several seconds to minutes. If the pH continues to drift, 
the sample temperature may nut be stable, a chemiul reaction (e.g., degassing) may h 
taking place in the sample, or the meter or electrode my k malfunctioning. This must be 
cledy noted in the logbook. 
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i. Read and record the pH of the solution, after adjusting the temperature compensator to 
the sample temperature. pH shall be recorded to the nearest 0.1 pH unit. Also record the 
sample temperature. 

k. Rinse the electrode(s) with deionized water. 

I. Keep the electrode(s) immersed in deionized water when not in use. 

The sample used for pH measurement shall never be saved for subsequent conductivity or 
chemical analysis. All pH electrodes leak small quantities of electrolytes (e.g., sodium or 
potassium chloride) into the solution. Precipitation of saturated electrolyte solution, especially 
at colder temperatures, or in cold water, may result in slow electrode response. Any visual 
obsen&on of conditions which may interfere with pH measumment, such as oily materials, or 
turbidity, shall be noted. 

pH Paper 

Use of pH paper is very simple and requires no sample preparation, standardization, etc. pH 
paper is available in several ranges, including widcrange (indicating approximately pH 1 
to 12), mid-range (approximately pH 0 to 6,6to 9,8to 14) and narrow-range ((many available, 
with ranges as nawow as 1.5 pH units). The appropriate range of pH paper shall be selected. If 
the pH is unknown the investigation’shail start with widtrange paper. 

5.2 MEASUREMENT OF SPECIRCCONDUCTANCE 

53.1 @neml 

Conductance provides a measure of dissolved ionic species in water and can be used to identify the 
direction and extent of migration of contaminants in groundwater or surface water. It can also be 
used as a measum of subsurface biodegradation or to indicate alternate sources of groundwater 
contamination. 

Conductivity is a numerical expression of the ability of a water sample to carry an electric current 
This value depends on the total concentration of the ionized substances dissolved in the water and 
the temperature at which the measurement is made. The mobility of each of the various dissolved 
ions, their valences, and their actual and relative concentrations affect conductivity. 

It is important to obtain a specific conductance measurement soon after taking a sample, since 
temperature changes, precipitation reactions, and absorption of carbon dioxide from the air ail effect 
the specific conductance. 

5.22 Princioles of Eauimnent Owration 

‘An aqueous system containing ions will conduct an electric current. In a direct-current field, the 
positive ions migrate toward the negative electrode, while the negatively charged ions migrate 
toward the positive electrode. Most inorganic acids, bases and salts (such as hydrochloric acid, sodium 
carbonate, or sodium chloride, respectively) are relatively good conductors. Conversely, organic 
compounds such as sucrose or benxene, which do not disassociate in aqueous solution, conduct a 
current very poorly, if at ail. . 

O-33-4-90-1 
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A conduc&ce cell and a Wheatstone Bridge (for the mearumment of potential difference) may be 
used for me8surement of l Iectric8l msist8nce. The ratio of current applied to voltage across the cell 
may also be used as a measum of conductln~e. The core element of the apprratus is the conductivity 
ceil cont8ining the solution of intemsL Depending on ionic stmngth of the aqueous solution to be 
tested, a potential difference is developed across the cell which can be converU directly or indirectly 
(depending on instrument type) to a measurement of specific conductance. 

EauiDmen$ 

The following equipment is needed fortaking specific conductance me8summents: 

8 YSI Model 33 porubie conductivity, meter, or equivalent 
a Probeforrbovemeter 

4 variety of conducti* meters in rvail@ble which may dso be used to monitor salinity and 
tempemtums. Probe types 8nd cable lengths vrry, so equipment m8y be obtained to meet the 
specific requimment ofthe sampling progmm. 

52.4 MeasufwnantT8dwtiau8sforSoacific&nductanq 

The steps involvad in taking specific conductance measurements 8r8 listed below (standardization is 
8ccording to manufacturers ins@uctions): 

0 Calibrate the instrument drily when used. Pot8ssium chloride solutions with a specific 
conductance closest to the values expwted in the field shall be used. Attachment A may be 

. usedfor guidance. 

8 Immerse the eiectrode in the sample 8nd me8sure the conductivity. Adjust the 
temp8r8tures8ttingtothesampletampmtur8. 

8 Re~md~~mu~inafiddlogbookorrrmplelog~ 

If the specific condpctance me8suAents become erratic, or inspection shews that any platinum 
black has flaked off the electrode, rephtinhtion of the elm-e is necessary. See the 
manufachrmf s instructions for daMr 

Note that specific conduct8nce is occasion8liy reported rttemperatures other&an ambient 

593 MEASUREMENTOtTEMPRE 

53.1 $enera( 

In combhtion with other parameters, tempemtum un be a useful indicator of the likelihood of 
biologi.cal action in a w8ter sample. It un also be used to tmce the flow direction of cqntaminated 

- 

D-33490-1 
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groundwater. Temperature measumments shall be taken in-situ, or as quickly as posrible in the field. 
Collected water samples may rapidly equilibrate with the temperatum of their surroundings. 

533 EDUbWWti 

Tempemture measurements may be taken with alcohol-toluene, mercury filled or dial-type 
thermometers. In addition, various meters such as specific conductance or dissolved oxygen meters, 
which have tempemtum measurement capabilities, may also be used. Using such instrumentation 
along with suitable probes and cables, in&u me8surements of temperature at great depths can be 
pWfOfl?lad. 

533 Measunmant Techniaues for Water Tamoemturq 

If a thermometer is used on a cdlected water samtie: 

a Immerse the thermometer in the sample until temperaturn equilibrium is obtained 
(l-3 minutes). To avoid the possibility of contamination, the thermometer shall not k 
inserted into samples which will undergo subsequent chemical analysis. 

l Record values in a field logbook or sample log sheet 

If a temperature meter or probe is to be used, the instrument shall be calibrated according to 
manufacturer’s recommendations with an approved thermometer before each measurement or 
group of closely spaced measurements. 

5.4 MEASUREMENT OF DISSOLVED OXYGEN CONCENTRATION 

5.4.1 Geneml 

Dissolved oxygen (DD) levels in natural water and wastewater depend on the physical, chemical and 
biochemical activities in the water body. Conversely, the growth of many aquatic organisms as well as 
the rate of corrosivity, are dependent on the dissolved oxygen concentration. Thus, analysis for 
dissolved oxygen is a key test in water pollution and waste tmatment process oontrol. If at ail 
possible, DO measurements shall be taken in-situ, since concentration may show a large change in a 
shon time if the sample is not adequately preserved. 

The method monitoring discussed herein is limited to the UK of dissolved oxygen meters only. 
Chemical methods of analysis (i.e., Winkler methods) are available, but requim more equipment and 
greater sample manipulation. Furthermore, DO meters, using a membrane electrode, are suitable for 
highly polluted waten, because the probe is completely submersible, and am free from interference 
caused by color, turbidity, colloidal material or suspended matter. 

543 Princibles of Eauioment Oberation 

Dissolved oxygen, probes are normally electrochemical cells that have two solid metal electrodes of 
diffemnt nobility immersed in an electrolyte. The l lectrdyte is mtained by an oxygen-permeable 
membmne. The metal of highest nobility (the cathode) is positioned at the membrane. When a 
suitable potential exists between the two metals, reduction of oxygen to hydroxide ion (OH) occurs at 
the cathode surface. An electrical current is developed that is directly proportional to the rate of 
arrival of oxygen molecules at the cathode. 

I 
D-334-90-1 
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Since the current produced in the probe is directly proportional to the rate of arrival of oxygen at the 
cathode, it is impwtlnt that a fresh supply of sample always be in contact with the membrane. 
Otherwise, the oxygen in the aqueous layer along the- membrane is quickly depleted and false low 
readings m obtained. It is therefore necessefy to stir the sample (or the probe) constantly to 
maintain fresh solution near the membrane inter&e. Stirring, however, shall not be so vigorous that 
additional oxygen is introduced through the air-water interface at the sample surface. To avoid this 
possibility. some probes am equipped with stirrers to agitate the solution near the probe, but to leave 
thesurhceofthesolutionundisturbed. 

Dissoivd oxygen probes l relativaly free of intetieranc~ Interferences that can occur are 
reactions with oxidizing gases (such as chlorina) or with gases such as hydrogen sulfide which am not 
easily depolarized from the indicating dactrode. lf the gaseous intwfimrm is suspected, it shall be 
noted in the field log book and checked if possible. Tamperatun variations can also cause 
im because proMs exhibit tempemtum sensitivity, Aufomcrtictamperatun compensation is 
normally provided bythema&acturer. 

5.43 muiome* 

The following equipment is needed to measure dissolved oxygen concentration: 

8 YSI Model SSdissoived oxygen monitororaquivalent 
8 Dissolved ~peratureprobeforabovemonitor. 
l Suffici~~etoaIiaw~pok0corruct~ample. 

w- Number pw 
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Probes differ as to specifics of use. Follow the manufacturer’s instructions to obtain an accurate 
mading. 

a 

l 

a 

a 

The equipment shall be calibrated l nd have its batteries checked in the I&oratory-before 
goingtothefield. 

The probe shall be conditioned’in a water sample for as long a period as practical before 
useinthefield. Lorrp~~ofdryrtors~fdlomdbyshortprriod,ofurainth~field 
may result in inaccurate readings. 

The instrument shall be calibrated in the field before each measurement or group of 
dosely spaced measurements by @acing the probe in a water sample of known dissolved 
oxygen concentration (i.e., determined by Winkler method) or in a freshly air-saturated 
water sample of known temperature. Dissolved oxygen values for air-saturated water can 
be determined by comulting a table listing oxygen solubilities as a function of temperatum 
and salinity (see Attachment 8). 

lmmersetheprobeinthesample. .Besuretoprovideforsufficientflowpastthe 
membrane, either by stirring the sample, or placing the probe in a flowing stream. Probes 
withoutltirnoPlKIQlin~lscankmovcrdupanddown. 

D-33-41-90-1 
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l Record the dissolved oxygen content and temperature of the sample in a field logbook or 
sample log sheet 

l Recalibrate the probe when the membrane is replaced, or as needrd. follow the 
. manufacturer’s instructiom. 

Note that in-situ placement of the probe is preferabie, since sample handling is ncvt involved. 
however, may not always be practical. 8e sum to record whether the liquid was analyxed in&L 
a sample was taken. 

Special care shall be taken during sample collection to l vdd turbulence which can lead to increc 
oxygen solubilixation and positive test interfemnces. 

f3 MEASUREMENT OF OXlDATiON-REDUCnON POlENMl 

f&l GelWnl 

The oxidation-reduction potential (ORP) provides 8 measum of the tendence of organic or inorganic 
compounds to exist in an oxidized state. The technique therefom provides evidence of the likelihood 
of anaerobic degmdatiun of biodegradable organia or tha ratio of activities of oxitdixed to reduced 
species in the sample. 

5.53 Princi& of Eouimnent Operation. 

When an inert metal electrode, such as platinum, is immersed in a solution, a potential is developed 
at that electrode depending on the ions present in the solution. If a reference electrode is placed in 
the same solution, an ORP electrode pair is established. This electrode pair allows the potential 
difference between the hNo electrodes to be measured and will be dependent on the concentration 
of the iom in solution. By this measurement, the ability to oxidize or reduce species in solution may . 
be determined. Supplemental measurements, such as dissolved oxygen, may be correlated with ORP 
to provide a knowledge of the quality of the solution, water, or wastewater. 

5.53 Eauioment 

The following equipment is needed for measuring the oxidation-reduction potential of a solution: 

l Accumet 150 portable pH meter or equivalent, with a millivolt scale. 
l Platinum electrode to fit above pH meter. 
l Reference electrode such as a calomel, silver-silver chloride, or equivalent 

53.4 Measurement Techniaues for Oxidation-Reduction Potential 

The fdlowing procedure is used for measuring oxidation-reduction potential: 

l The equipment shall be cali brated and have its batteries checked before going to the field. 

l Check that the platinum probe is clean and that the platinum bond or tip, is unoxidized. If 
dirty, polish with emery paper or, if necessary, clean the electrode using aqua regia, nitric 
acid, or chromic acid, in accordance with manufactumr’s instructiom. 

D-334-90-1 
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l Thoroughly rinse the electmde with demineralized water. 

l Verify the sensitivity of the electrodes by noting the change in millivolt reading when the 
pH of the test solution is altered. The ORP will increase when the pH of the test solution 
decmases and the ORP will decrease if the test salution pH is increased. Place the sample in 
a dean glass beaker and agitate the sample. lnwrt the elecuades and note the ORP drops 
sharply when the caustic is added, the l lectrades am sensitiva and aperating properly. If 
the ORF increases sharply when the caustic is added, the polarity is mversed and must be 
corrected in accordance with the manufacturer’s instructions, lf the ORP does not respond 
as above when the caustic is added, the electrodes shall be cleaned and the above 
procedure mpeated. 

8 A~~~wstmbly~~~~forwraitivity,wnht)Hd~awiththnc! 
~n~ofw~orbymcHMofaflawinO~afw~fromaw~bottl8. Placethe 
sample in a dean glass beaker or ample cup and insart the elect&es. Settemperatum 
compensator throughout the measumment period. Read the millivalt potential of the 
solution, slbwing sufficient time far the system to stabilize and reach temperatum 
equilibrium. Measure successive porrians of the sample until madings an two successive 
portions differ by no more than 10 mV. A system that is very slaw to stabilize properly will 
not yiald a meaningful ORP. Recqrd all results in a field lagboak, including ORP (to nearest 
10 mv), sample tempemtu reandpHatthetimeofmeasurement 

5.6 SPEOFICION -ODE MEASUREMMITS 

5.6.1 General 

Use of specific ion electrodes can be beneficial iit the field for determining the presence and 
concentration of dissalved inorganic species which may be associated with contaminant plumes or 
leachate. Thus, eiectmdes can be used for mpid screening of water quality and d~ermination of 
water migration pathways. 

This procedum provides generic infarmation far specific ion l lectrqdes .commanly used in l 

graundwater quality monitoring pmgrams and describes the essential elements of a field 
investigation program. Anaiytlcal methads using same specific ion elactrodes have nut been 
appmved by the U.S. EPA In addition, calibration pmcedures and solutions, interferences and 
conditions and mquimments for use for various electrodes vary greatly. Cansequently, review of 
manufacturds literatum is mandatary priarto use. 

5.63 Princioles of Eaubmerrt Ooemtior\ 

All specific ion electrode measurements invalw the use of a reference electrode, a pH meter, and a 
specific ion electrode (SIE). When the SIE and the reference electrode am immersed in a solution of 
the ion to be measured, a potential diffemnce is developed betwaen the twa alectrades. This 
patential can be measured by a pH mater and related to the won of the ion of interest 
through the use of standard solutions and calibration curves. 

Several different types of Sib are in use: glass, s&d-state, liquid-liquid membrane, and gas-sensing. 
All of the electmda function using an ion ange process as the potential determining mechanism. 
Glass elactroda are used far pH maasuremm The glass in the tip of the l lectrqde actually acts as a 
semipermeable membrane to allow solution. Solid-state elect&es replace the giass membrane with 
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an ionically.conducting membrane (but act in essentially the same manner), white liquid-liquid 
membrane electrodes have an organic liquid ion exchanger contained in the pores of a hydrophobic 
membrane. MainteMnce of the conducting interface, in combinrrtion with a reference electrode, 
allows completion of the electrical circuit and subsequent measurement of the potential difference. 
Gas-sensing electrodes have a membrane that permits the passage of gas only, thus allowing for the 
measurement of gas concentration. Regardless of the mechanism involved in the electrode, most SIEs 
am easy to use under field conditions. The sensitivity and applicable concentration range for various 
membranes and dectroda will vary. 

5.6.3 Eaubmenf 

The following equipment is required for performing quantitative aMlyses using a specific ion 
electrode: 

0 A pH meter with 8 millivolt -18, or equivalent 
l The specific i&n electrode for the parameter to be measured. A partial list of ions which &n 

be measured includes cyanide, sulfide, ammonia; lead, fluoride and chloride. 
0 A suitable reference electrode to go with the above SIE. 

Specific electrodes for other ions have also been deveiom, but am not widely used for field 
investigation efforts at this time. Note that of the specific electrodes referenced rbove, only fluoride 
and ammonia have analytical methods approved by the U.S. EPA 

5.6.4 Measumment Techni t for In 

Different types of electrodes are used in slightly different ways and are applicable for different 
concentration ranges. Following the manufactumr’s bstructiom, the geMral steps given below are 
usuallyfollowed: 

a Immerse the electrode in w8ter for a suitable period of time prior to sample! 8nalysis. 

l Standardize the electrode according to the manufacturer’s instructions, including 
necessary chemical additions for ionic strength adjustment, etc. Stitndmd solutiom 
normally differ by factors of ten in concentration. Constant stirring is needed for accurate 
readings. 

l lmmenc the electrode in the sample. Allow the reading to stabilize and record the results 
in a site logbook. Stir the sample at the same rate as the standards. Air bubbles near the 
membram shall be avoided, since this may cause interfemnce in millivolt readings. 

(NOTE: Each SIE has substances which interfem with proper measurement. These may be elimiMted 
using pretreatment methods as detailed by the manufacturer. It is important to know if interferences 
are present so that suspect madings may be noted as such.) 

l If the pH meter does not read out directly, plot millivolts versus concentration for the 
standards and then determine sample concentration. 
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7.0 AlTACHM6NTS 

Ahchment 6 -Variation of Dissohed Oxygen Concentration in Water as a a Function of Temperature 
and Salinity. 

. 

- , 

\ 

D-3-1 



ONSITE WATER QUAlln TESTING 

ATTACHMENTA 

SPEOACCONDUCfANC6 OF M KCi 
AT VARIOUS TEMPERATURES 

26 1,441 

27 1,468 

28 1,496 

29 1.524 

30 1552 

1 Data derived from the International Critical 
Tables l-3-8. 

. 
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ATTACHMENTB 

VARIATION OF DISSOLVED OXYGEN CDNCUrmAnON 
IN WATER AS A FUNCnON OF TEMPERAlURE AND SAlJN1Ty 

/ 
Disoived Oxygen (mg/L) 

Temperature 
Y 

Chloride Concentration in Water 
1 Difference/l 00 chloride 0 5,OOQ 10,000 15,000 20,000 mg 

0 14.6 13.8 13.0 121 11.3 0.017 
I 

1 14.2 13.4 126 11.8 11.0 0.016 

2 13.8 13.1 12.3 11.5 , 10.8 0.015 

3 13.5 127 t2.0 11.2 10.5 0.01 s 

4 13.1 124 11.7 11.0 10.3 0.014 

5 128 121 1’1.4 10.7 10.0 0.014 
I 

6 12s 11.8 11.1 10.f 9.8 0.014 

7 12.2 ‘11.5 10.9 10.2 9.6 0.013 

18 9.5 1 9.1 8.6 8.2 7.7 0.009 

19 9.4 a9 8.5 8.0 - 7.6 0.009 

’ 20 9.2 8.7 8.3 7.9 7.4 0.009 

21 9.0 8.6 8.1 7.7 7.3 0.009 I I 
22 8.8 8.4 8.0 7.6 7.1 0.008 

I 
23 ’ 8.7 B.3 7.9 7.4 7.0 0.008 

, 
24 8.5 8.1 7.7 7.3 6.9 0.008 
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ArrACHMENTB 
VARIATION OF DISSOLVED OXYGEN CONCENTRATION 
IN WATER AS A FUNC’IION OF TEMPERATURE AND SALJNITY 
PAGE TWO 

Dissolved Oxygen (mg/L) 

Chloride Concentration in Water 
1 DifferencellOCl mg chioride 

0 I 5,000 4 10,000 I 15,ooo I 20,ooo I I r . . . 
25 8.4 8.0 b 7.6 7.2 . 6.7 1 0.008 

26 8.2 7.8 7.4 7.0 6.6 I 0.008 

I-- -57 1 8-t 1 7-7 i 73 1 6.9 1 6-S 1 

28 ) 7.9 7.5 1 7.1 6.8 1 6.4 0.008 

29 7.8 7.4 7.0 6.6 1 6.3 0.008 

30 7.6 7.3 6.9 6.5 1 6.1 0.008 

31 7.5 

32 7.4 

I 34 1 7.2 { I I I 

39 1 6.7 

I 40 1 6.6 1 --- 

41 6.5 

42 6.4 

I 43 1 6.3 1 

I 44 1 6.2 1 

46 6.0 

47 5.9 

49 5.7 I I 
SO 5.6 I I 

Note: In a chloride solution, conductivity can be roughly related to chloride concentration (and 
therefore used to correct measured D.O. concentration) using Attachment A. 
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DRAFT 

SAMPLE LOG SHEET 
Ptgt of -- - 

l i#MALLiBURTON NUS 0 Monftonng Well Dttt ctst* _ 

:w Envi~nmenud Corporation n Domestlcweil Date 
n- BY - 

Pr0jm site Ntmt Proja SIW Number 

0 Hqk.Concemrttlon 

I 

I 
Ltb 

I 
Volume 
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. SAMPLE LOG SHEET 
Pegt -of- 

i=MlALLiBURTON NUS 
0 suff8c8soil 0 subsurfu8soil 

~Envi~~nmentalCorpororibn 0 m 
0- 

CM88 

BY 

P~SitiNWllt bJ8CtSit8NUlllb.f 

HAlU@UKTONNUSSmwaNo. ‘souK8~ 

sempkmthod: comDoNt8kmoleott6 

Samok I Tii I ColorlOesamson 

Bepthkmp+td: i 

I 

Sample Oete &Tim: 

kmpltd By: 

I I 

SigMtur8ls~: I 

I 

bP.of-w@ I 
0 HighConcmWdon I 

I 
Semok Omt 

0 comporiol 
0 Grab-Comm t- 

-- . I 

Date Shtpoed. I 
fim8Shlgpd I 
Lab 

I 
I I 

Volum8 
I 
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1 PROJECT NAM: 
. 

iF 
PROJECT NO.: 

I 

CLIENT: 
DATE: 
CONTRATOR: 

L0cAmN: 
ARWAL TIME: 

DRILLEII: 
DEPARTURE TIME: 

NUS REPRESENTATIVE:- 

CUMUU 
QUANTIT 

70 DA’ 

COMMENTS: 

(1) AS USTED IN SPECS 
(2) INCLUDE QUANTIW AND UNITS 

(Ex. 20 k, 6 hn.) APPROWED BY: 

NUS FIELD REPRESENTATIVE 

DRILLER CjR REPRESENTATIVE 



DRAR 

BOR/NG LOG HAUIBURTDN NUSENWRONMENIXL CORPORA77ON 1 
, 

PROJECT NAME: 
PROJECT NO.: 
ELEVATION: 
WATER LEVEL DATA: 
(Date. Time & Condmonr) 

BORING No.: 

DATE: DRILLER: 

FIELD GEOLOGIST: 

I H I 

7 4 

r 

REMARKS 

I I I I 1 .-.. 

BORlNG 

._ 
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